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\ INTRODUCTION 


This textbook combines in one volume, for the first time, most 
of the material covered in the Fallout Shelter Analysis courses for 
architects and engineers sponsored by the Office of Civil Defense. 

It is intended for use by practicing professicnals enrolled as students 
in formal graduate level university courses under the direction of 
professors well versed in the methods and techniques of shelter design 
and properties and effects of fallout gamma radiation. This volume 
confines itself to design and analysis of structures for protection 
against radioactive fallout, which presents the most widespread threat 
to our population in the event of a thermonuclear attack. The feasi- 
bility of incorporating inherent fallout protection into the design 

of many buildings and structures at little cost will be apparent wnen 
the designer becomes aware of the problem and familiar with the prin- 
ciples of fallout shelter design and analysis. 


The text is not intended to be used as the source of detailed 
background information on nuclear physics or weapons effects. The 
most up-to-date and comprehensive volume available to the public 
oa this subject is THE EFFECTS OF NUCLEAR WEAPONS (E.N.W.) and 
familiarity with it is recommended in the use of this book. 


Special two-week intensive graduate level short courses are 
currently avallable at a number of major universities and military 
engineering schools throughout the country. Night, Saturday, and 
correspondence courses have been initiated for those who cannot attend 
full time short courses. Information on the locations and schedules 
for Fallout Shelter Analysis Courses may be obtained from the nearest 
Regional Office of the Office of Civil Defense. 


While the methods and techniques developed herein are based on 
the analysis of weapons tests and upou research and studies by nuclear 
scientists and engineers, every effort has been made to present the 
material in s form readily understocd by the practicing architect or 
engineer. The systems of analysis are not difficult, but they do 
become complicated for complex structures. 1% is, therefore, strongly 
recommended that the reader develop his ability to apply these methods 
by pursuing one of the formal courses of study mentioned above before 
undertaking the design or analysis of fallout shelters. 








х ) CHAPTER 1 
BASIC NUCLEAR PHYSICS AND NUCLEAR WEAPONS EFFECTS 


11 INTRODUCTION 


Tt is not necessary to be a nuclear physicist to analyze or de- 
sign structures for fallout protection. However, a basic knowledge 
of the concepts and terminology associated with the structure cf 
matter, radioactivity, fission and fusion, weapons effects, &nd 
attenuation of radiation are essential to understanding of need for 
fallout protection and the background of the system of anlysis. 

The information provided in this chapter isa general survey and is 
intended to be supplemented by readings in DAP 39-3, THE JFFECIS OF 
— NUCLEAR WEAPONS, 


12 STRUCTURE OF MATTER 
12.1 ELEMENTS AND COMPOUNDS 


All matter is made up of elements and compounds, Compounds 
consist, of two or more elements and may be broken down into 
simpler substances or formed from simpler compounds or elements 
x by chemical reaction, The camponents do not exhibit the 
i characteristics of the original compound, For example, sugar 
PNE is a compound which can be broken down into the elements carbon, 
hydrogen, and oxygen. The smaliett subdivision of the compound 
which still retains its properties is the molecule, which is а 
group of two or more atoms tightiy held togethar. 


The distinction between an element and a compcund is made on the 

basis of chemical reactions. Chemical reactions nay be produced 

оу heating, applying pressure, using a substance which pramotes 
i reaction άνω, electrolysis, and so forth, If large 
a numbers of reproducible experiments on a pure isolated substance 
show that попа of these means is capable of breaking that sub- 
stance down into stili other substances, then that substance is 
said to be an element. There are 92 naturally occurring ele- 
ments, Ten more have been produced artificially by man in 
laboratories, From these 102 elements, it is possible to pro- 
duce by chemical reaction all the compounds known (as well as 
many as yet unknown). For example, water is built up from the 
elements hydrogen and oxygen; when two atams of hydrogen combine 
with one atom of oxygen, they form one molecule of the compound 
water, 











Tt is exceedingly difficult to visualize the fantastically small Í Í ! 
size of atoms, For example, in one grain of ordinary table sali, 
there are approximately 1,300,000,000,000,000,000,000 (1.3 x 104-4) 

atoms, half of which are sodium atoms and half of which are 

chlorine atoms, Each atom has & diameter of about 0,00000001 

centimeter, 


Each element has a different name and is represented by а symbol, 
which is simply a shorthand notation. For example, the element 
| hydrogen is given the symbol "Н"; the symbol for the element 
E helium is "Не", In general, these symbols are chosen as the first 
i one or two letters. Itis necessary to use other letters for 
[7 some @(пепіз. Also, some of the symbols appear illogical as 
ç they are based on the old Latin names for the elements, such as ' 
"Na" for sodium and "Ац" for gold, The great advantage of the 
element symbols is that they enable one to represent chemical ВЕ. 
reactions and chemical compounds in ап abbreviated fashion, А [оо s 
molecule of water composed of two atoms of hydrogen and one atom 
of oxygen can be represented by the notation "HOY 





1922 ATOMIC STRUCTURE 


Despite their extremely small size, atoms aru composed of still 
snaller particles. There are basically 3 such particles, the 
electron, the proton, and the neutron. The many different kinds 
: of atoms are essentially formed fram these three particles,pre- 
b sent in different numbers. 


De Although atoms of one elsment differ froz those of another, all 

atoms have the same general type of structure and are often de 
by comparing them to our solar system. The nucleus is 

the center of the atom, just as the sun is the center of our 
solar system. The nucleus has a positive electrical charge and 
is composed of one or more protons and neutrons. Moving at 
great speed srourd the nucleus in orhite, much as planets move 
about the sun, are z number of particles celled electrons. The 
electrons have a negative charge. This structure is indicated 
inFigure lele It should be noted that the atom conbains an 
equal number cf electrons and protons. This conception or 
"model" of the atom has been replaced by more sophisticated con- 
ceptions basec upon wave mechanics and probability. This model 
is adequate however, to explain the nuclear phenanena cf interest 
in shelter analysis. 


The nucleus contains almost all of the mass of the atom, yet the 
diameter of the atom is roughly 10,000 timas the diameter of the 
nucleus, The atom, therefore, ismostly space. Each of three 
basic particles comprising an atom has a specific charge and mass. 
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"Charge! refers to their electrical charge and al though "mass" 


^as a precise meaning in physics, for the purposes of this text 
‘At may bo considered πο with "weight" without а serious 


error in reasoning, For simplicity in dealing with atomic 
prenomena, the magnitude of the slectric charge on an electron 
has been chosen as one unit of charge. Since atan: are so mall, 
it is inconvenient to use pounds, ounces, or even grams to mea- 
sure their mass. The mass is measured by the atomic mass unit 
(amu) system. On the scale of this system, the mass of the pro- 
ton is approximately one mass unit, and the other particles may 
be compared with it as a standard. The amu is definud precisely 
&s one-sixteenth the mass of the neutral oxygen sixteen atom and 
is equal to 1,66 x 10724 grams. 


ORBITS 
Electrons (in orbit) 
P 
NUCLEUS | ο 
Neutrons 


Figure 1.1 Structure of an atom, 


1.2.3 PARTICLES OF AN ATOM 


Eleciror ~ The electron is a negatively cherged particle and has 
amass of approximately 1/1845 amu. It is by far the lightest of 
the three basic particles. By convertion, the charge of the 
electron is negative (~) and is ces electronic charge in magni- 
tude. The eXactronic charge, so defined, is equa. to 4.8 х 10719 
electrostatic unita and is the mallest discrete charge observed 
in nature. 


Proton - The proton has а mass of approximately latomic mase 
unit and has а charge of +1. 


Neutron < The neutron has а mass only slightly larger than that 

of a proton; ii may be taker. as having а mess of 1 mass unit for 
the purposes of this text (its mass may be stated as 1: to indi. 
cate that it is slightly more than that of the proton). ‘The 
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neutron has no electric charge, Ав {19 nucleus of an atom con- ( j 
tains protons and neutrons, it has a positive electiical charge | 
and the mag itude of this charge is the same as the number of 


protons. The properties of these particles are s. marized in 
Tablo 1.1. 


Table 1,1 Properties of Atanic Particles 


MASS (amu) LOCATION WITHIN THE ATOM 
Exact | Approximate | 


Outside the nucleus 


In the nucleus 


Neutron | [n the nucleus 





Figure 1.2 shows some examples of atomic structures to illus- 
trate that. the atoms of all elements are built up from different ' 
combinations of the same thres basic particles, : 


1.2.4 THE A AND Z NUMBER SYSTEM 


A ahorthand notation has been developed which quickly indicates 
. the exact structure of any atam, The notation is as follows: 


A in which 


X - is a general representation of any element symbol (in eac: 
case the appropriate elemert symbol would be used) 


7 ~ the number of protons in the nucleus. 
À - the number of protons * neutroas in the nucleus. 


The Z number is usually called the atomic number, Since the Z 
number is equal to the number of protons in the nucleus, it is 
&lso equal to the number of electrons outside the nucleus in 
the normal neutral atam. Therefore, each elecent will have iis 
characteristic Z number. For exmnple, the element sodium will 
always nave а Z number of ll, ard conversely, а Z number of il 
will always identify the element. sodium. 


Although chemical properties of an atom depend directly on the 
number of electrons it possesses, it is possitle to nay that 
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) NOTE: The representation of electronic orbits as elliptical is more accurate than representation * 
as circles; however, for simplicity they will be represented as cicles elsewbere i- this í 
text. 
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@ Proton 
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Figure 1.2 ucples of Atomic Structure 
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the chemical properties depend оп the number of protons because { 
there аге ап equal number of protons апа electrons in а neutral 
atom, 


The А number is often called the nucleon number, А nucleon is 
defined as any particle found in the nucleus; the term simply 
provides а convenient way of referring to both protons and neu- 
trons. Since the À number represents the sum of the protons and 
neutrons, it is equal to the number of nucleons. The A number 
is also called the mass number. As the mass of both the proton 
and the neutron is approximately one, the sum of protons and 
neutrons gives the mass of the nucleus (and of thc atam, since 
the masses of the electrons are nearly zero). 


The number of neutrons in the atom can be determined by finding 
the difference between the A and Z numbers. 


А ~ Z = number of neutrons. 
Ап example of the А and Z number terminology and the deductions 
that can be made from it are indicated below, 
Example: 1712? 
Number of protons i: this atom: _17_ 
Number of electrons in this atom; 17 
Number of neutrons + protons in this atom; 325. 
Number of neutrons in this atom; 32 - 17 = 18 


Element of which this is an atom; Cl (chlorine). 


1.2.5 ISOTOPES AND NUCLIDES 


It is possible for different atoms of the same eloment to have 
somewhat different nuclear structures, This difference is not 
in the number of protons, since the element is determined by the 
number of protons in the nuclei of the atans of that element. 
The difference is in the number of neutrons, For example, there 
are three known forms (isotopes; of the element hydrogen, two of 
which are found in ^ature and one of which is man-made. The 
Structures of these three ator.c forms of hydrogen are shown in 
Figure 1.3, 
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Number of protons 1 1 1 
Element Hydrogen Hydrogen Hydrogen 

| Element symbol H H H 

i Number of neutrons o 1 2 

І , Number of nucleons 1 2 3 
Complete symbol н! γῇ j? 





Figure 1.3 The isotopes of hydrogen 


Since two different atomic forms of an element (isotopes' have 

the same number of protons, they have the same number of electrons 

and therefore they will have the same chemical behavior. Differ- 

ences do occur in physical properties however, for example, 

hydrogen 1 (1H-) and hydrogen 2 (Н) are not radioactive, but 

hydrogen 3 (jH2) is radioactive. : 


The three isotopes of hydrogen have become very important in nu- 
clear work. As a result, each hus been given a separate name 
for ease in identification. These names are: 


Hydrogen 1 (common) hydrogen 
Hydrogen 2 deuterium 
Hydrogen 3 tritiun 


Hydrogen is the only element for which a special namenclature has 
been devised for the different isotopes. For ali other elements, 
the different isotopes x Spoken g: by the more basic nomen- 

clature; for example, „He? and „Не* are referred to as helium 3 
and helium 4, respectively. 


The term "isotope" is only used for elements which have more than 
one atomic form, and when distinguishing the different forms of 
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the same element, Thus, helium 3 and helium 4 may be referred — 
to as the isotopes of helium, 


The term "nuclide" should be used when referring to specific 
forms of different elements. Thus, a statement would read, "Two 
radioactive nuclides commonly used to calibrate radioactive 
instruments are cobalt -p0 and cesium -137" and not, "Two radio- 
active isotopes, etc," This usage of the terms "isotope" and 
"nuclide" will be followed in the text. 


Since all nuclides are composed of varying numbers of neutrons 

and protons, they can all be represented by the Α and Z number 

notation, Only certain cambinations are possible, some of which 

are observed to be stable and some of whic; are unstable. 

Generally, the lightest elements are stable when the numbers of 

protons and neutrons are approximate’y equal, ог inal tol 4 





ratio, As the elements become heavier, more neutrons than pro- 
tons are found in the stable combinations 8ο that among the 
heavieet elements, a ratio of 14 neutrons to 1 proton is found, 


1.3 RADIOACTIVITY 
1,3.1 HISTORICAL DACKGROUND 


Nuclear radiation was discovered in 189o by a French scientist 
| named Henri Becquerel. Becquerel. experimented with fluorescent ( 
crystals which when struck by ordinary white light gave off light 
` of some other ‘olor, such as pink or green, He thought that he 
had discovered that certain crystals, when struck by light gave 


off some sort of very penetrating rays different from light rays 
which could penetrate thin sheets of paper or metal. 


I Becquerel repeatedly performed the following experiment to 
determine the properties of the substances that gave off the 
penetrating rays: ( 

He wrapped a piece of paper about a photographic plate so 
that light could not reach the plate and axpose ії; then, on 
top of the paper, he put a small pile of crystals of a salt 

| of uranium. He then placed this apparavus outdoors in the 

i sun all day, At the end of the day, he brought the entire 

| set of materials indoors and developed the photographic plate, 

He always fëurd a black spot on the plate under the crystals. 

Th = led him to the belief that when these crystals were ex- 
posed to light they gave off some previously unknown kind of 
radiation which was capable of penetrating the paper and 
exposing the film. 

















Becquerel!s experiments with these crystals might have pro- 
vided no more information than this had not it been for a 
lucky accident, Опе day when preparing to set his standard 
experiment in the sun, the sun failed to сопе outs he there- 
fore placed the entire apparatus in his top desk drawer to 
await & sunny day. As it happened the sun failed to shine 
for several days; on the first day that it did come out he 
was going to place the apparatus in the sun, but, for same 
unknown reason, he developed the plate directly instead, 
The plate was blackened under the crystals. Becquerel then 
revised his original conclusion about these crystals. The 
etrating rays were given off spontaneously from within 
he material itself without the assistance of any ouside 
agency such as sunlight. It is now known that these 
radiations come from the nuclei of the atoms of the materials 
for this reason, they are called nuclear radiations. 
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Further research by Becquerel ani others demonstrated that 
the emission of the strange new penetrating rays by these 
substances (called radioactive substances) was unaffected in 
any manner by heat, light, pressure, chenica!s, mechanical 
force, or any other means then known. Much experimental 
work was done in the years following Becquerel's discovery 
in an attempt to understand these rays. 


1.3.2 TYPES OF RADIATION 


It was believed initially that only one kind of ray was emitted 
by radioactive substances, The nature of this ray was unknown, 
In the experiment depicted in Figure 1.4 (a), a sample of radium 
(one of the few radioactive substances known at the time) was , 
placed at the base cf a cylindrical hole drilled in а piece of d 
| lead (the figure shows a cross section of the lead block), Since 
: lead has the ability to absorb radiation very effectively, iittle 
| of the radiation penetrated through the sides of the block, 
: Therefore, there was essentially a straight beam of radiation 
t coming out of the hole, A photographic plate was placed across 
the path of the radiation and upon development showed one dark 
spot in the center of the plate. 


In a later experiment depicted in Figure lel (b), the beam of 

radiation was subjected to a strong electrical field. This time 

there were three black spots on the plate, indicating vhat tho 

electric field had separated the beam of radiation into three 

kinds of radiations, as illustrated іл ihe figure. The three 

types of radiation were arbitrarily identilied by the first three 
? lətters of the Greek alphabet-- 




















alpha (οἱ) for the radiation attracted to the negative side of 
the field, 


beta (/) for the radiation attracted to the positive side of the 
field, and 


gamma (¥ ) for the radiation not attracted to either side. 


Similar experiments using magnetic fields also produced a 
separation of the beam of radiation into thee components. 


PHOTOGRAPHIC PLATE PHOTOGRAPHIC PLATE 


Alpha Beta 


Beam of 
radiation 








Rudiun Radium 


source scurce 
ς Lead block Electrically 
chorged plates 
(а) Experiment without (b) Experiment with 
Electric Field Electric Field 


Figure 1.4 Path of emanations from a radium source; (a) without 
electric field; (b) with electric field. 


Several conclusions can be reached as a result of the illustrated 
experinent beyond the isolation of three kinds of radiation. 

The experiment indicates that: (1) alpha radiation, which was 
attracted to the negative plate, has a positive electric charge; 
(2) beta radiation has a negstive charge; and (2) gamma radiation, 
which was undeflected by the electric field, has no charge (is 
electrically neutral). 














j 1.3.3 PROPERTIES OF NUCLEAR RADIATIONS 


1,3.3.1 General Properties 


Alpha. Alpha radiation consists of high velocity particles, 
each with a charge of +2. Each particle has a mass of L atomic 
mass units and thus each particle is the same as the nucleus of 
the helium -4 (2He*) atom, The helium -4 atan has two protons 
and two neutrons in the nucleus and two electrons outside the 
nucleus to balance the charge. If the electrons were stripped 
away, the resulting nucleus would be identical with an alpha 
particle. The configuration of two protors and two neutrons is 
an extremely stable nuclear structure. This helps explain why 
tnis structure is emitted from a nucleus in preference to other 
combinations of nucleons, 


— — — 
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. ) Beta, The experiment on the separation of radiations showed that 
beta radiation has a negative electrical charge. Beta radiation 
is a stream of electrons traveling at high speed. The mass or a 
beta particle is 1/1845 atomic mass unit and its charge is -l. 
lt isidentical with electrons which crbit about the nucleus of 

; atoms except for its speed and origin, Note that beta particles 

: originate in ihe nucleus of the atom, 


Gamma, Салта radiation has no electrical charge, and appropriate 
experiments have proven that it has no mass, Gamma radiation is 
pure energy traveling through space at the speed of light. It 

is one example of a general type of radiation termed electro- 
magnetic radiation, which include radio waves, light waves, and i 
X-rays. The type of radiation most similar to gamma radiation is , 
X-rays, which has about the same or somewhat less energy as gamma 

radiation, The distinction between them is their origin. 





X-rays originate in the region of the orbital atomic electrons 
whereas gamma rays come from within the nucleus. 


1.3.3.2 Specific Characteristics of Electromagnetic Radiations 


Electromagnetic radiations are identified by their characteris- 
tic wave iength (À ) and frequency (p ) and their energy (E). 
These properties are related by two simple formulae: 


c= Ap 


where c - the speed of light, 3 x 1029 cm/sec 

wave length, nomally measured in centimeters 

Goa normally measured in reciprocal seconds 
sec т). 


| c= 
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Since © is a constant, frequency increases as wave length be- 
cames shorter. 


E= hj 


il 


where E = energy of one photon or quanta of radiation (ev) 
h = Plank's constant, equal to 0.025 х 107^! erg-sec. 


p 


frequency (sec ~+) 


Since h 13 а cons;snt, it is evident that the higher the 
frequency, the greater the energy of the radiation. 


Energy of radiation is normally expressed in units of electron 
volts (e.v.) or million electron volts (MEV), An electron volt 
is the amount of energy acquired by one electron moving through 
a potential difference of one volt. One e.v. is equal to 
1.602 x 10-12 ergs. The unit of MEV is convenient for the 
kinetic energy of alpha and beta particles as these particles 
usually have energies in the millions of electron volts. 


Table 1.2 summarizes the properties of the three types of 
radiation, 


Table 1.2 Properties of Nuclear Radiations 


EFFECT OF EMISSION ON 













TYPE OF MASS CHARACTER~ PARENT NUCLEUS 
RADIATION | SYMBOL | CHARGE | (em) ISTIC Mass Хо. 
Alpha 2 Protons Decreases í Decreases 
particle 2 Neutrons 2 4 

(same as 

nucleus of 

He-l atom 
Beta High speed Increases | No change 
particle electron 1 
башда, 0 у Form of No change 
ray electro- 

magnetic 

energy 

similar 






to X rays 
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) 1.3.4 RADIOACTIVE DECAY 
1.3.4.1 Definition 


Certain nuclear structures have excess energy and are thus un- 
stable. Such atoms attempt to reduce their energy content by 
releasing energy. They do this, in the case of most nuclei, by 
emitting one of the three types of radiations alpha, beta, or 
gamma, 


— 





In definition, radioactive decay is the spontaneous attempt of 
&n unstable nucleus to becane stable, usually by the emission of 
particles or rays. 


1.3.4.2 Nuclear Forces 


It may appear peculiar that the nucleus is held together at ali. 
Since like charges repel, tne electrical (coulomb) forces between 
protons apparently should cause the nucleus to fly apart.  How- 
ever, the repulsive coulomb forces between protons are overcome 
by other forces within the nucleus, These forces are of very 
short range and only act between nucleons close to each other. 

A balance occurs between the attracting nuclear forces and the 
repelling coulomb forces and as a result, the nucleus stays to- 
gether. In unstable atoms, this balance is a delicate one. If 
the repelling coulanb forces should overcome the attracting nu- 
clear forces, part of the nucleus may break off and escape. In 
other crses, rearrangements within the nucleus which lead to 
more stable configuretions may take place without the loss of 
particles. Nuclides whose nuclei undergo this process are said rt 
Я іо be unstable ог radioactive, ; 


É : 13.4.3 Modes of Decay 
| 

| ' 

| 
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Alpha Decay, The configuration of the helium nucleus is ext,reme- 
ly stable, which leads toits ejection from a nucleus аз a unit, 

š The off-going alpha particle has considerable kinetic energy. 
| І The energy of the nucleus which emits the alpha particle із de- 
| I creased by the amount of the kinetic energy imparted to the 
particle, 


Beta Decay. Гі is not зо вазу to visualize how a beta pa:: cle 
| ч сап be emitted from a nucleus, The statement that beta ;adia- 
j A tion comey from the nucleus, but that there are no electrons in 
n the nicleus appears to be a contradiction, Тһе accepted explana- 
t tion for this result is that it is possible for a neutron to 
split into a proton and an electron. If this splitting occurs, 
the electron is then ejected from the nucleus with great speed 
(great kinetic energy), with a corresponding reduction of energy 
of the nucleus. 


Circ нуз т. 
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Gamma Decay. Nuclei may release gamma radiation as a means of 
decreasing their energy content, Since gamma radiation consists 
of pure energy, its emission reduces the energy of the nuclcus by 
the energy magnituds of the emitted y-ray. This emission of 
ganma radiation accompanies a rearrangement of nuclear particles; 
it does not involve a change in the number or kind of nucleons 
in the nucleus, It often occurs concurrent with beta emission. 


1.3.4.4 Measurement of Activity 


A particular radioactive nucieus may decay at any time, or it may 

never decay, When large quantities of these radioactive atoms 

&re present, however, probability of decay can be expressed 

statistically in terms of the disintegrations taking place per : 
unit time, Activity is defined as the number of atoms disinte- 

grating per unit time. A unit of measurement of activity is the | 
curie, which is defined as 3.7 х 1010 disintegrations per second. e : 
Mathamatically, activity is expressed by the equation 


A= ÀN 
where А = Activity, ‘n disintegrations/sec. 
N = number of radioactive atoms present, 
A= — constant, expressed in terms of reciprocal € 
ie. 


13.4.5 Decay Formula 


— mamawas — — — — — 


When the formula expressing activity is integrated as a function 
| of time, the following relation, which can be verified experi- 
| mentally, is obtained: 


N = Noe At € 
where N = number of radioactive atoma, present at any time t 

Νο; number of radioactive atoms present at t=Û 

À - decay constant 

t = time 


e = the base of the natural logarithms, а constan. 


Examination of this expression shows that althougn the number of 
radioaciive atung present, and thus the activity, decreases with 
time, it never reaches sero. This equation will piot as a 


iai { 
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straight line on a semi-logarithmic scale, 


1.3.4.6 Half-life 


Half-life is defined as the elapsed time required for the activity 
to decrease to one-half its original value. As shown Ly the 
equation A = À N, the activity is directly proportional to the 
number of radioactive atoms present, Thus, the half-life can 
also be defined as the time recuired for the number of а particu- 
lar radioactive nuclide to decrease by one-half. For example, 
iodine -128 hes a half-life of 25 minutes, If the activity of а 
sanple of iodine -128 is ¿OO disintegrations per second at 8 time 
t, then 25 minutes later, the activity of the remaining iodine - 
~128 would be 200 disintegrations per second, Note that only 
half of the iodine -128 would remain at the end of the 25 
minutes. 


Half-lives vary for radioactive isotopes of a single slement and 
for radioactive nuclides of different elements, Some are exireme- 
ly short, such as 10-4 seconds for astatine -215, while others 

are quite long, as 7.1 x 10? years for uranium -235. The half- 
life of a radionciive isotope is constant and is independent οὗ the 
amount of recioactive atoms present or the age of these isotopes. 


1.3.5 ARTIFICIALLY INDUCED NUCLEAR REACTIONS 


A few radioactive nuclides are found in nature. In addition, 
man has loarned io produce nuclear reactions artificially, thus, 
creating new radioactive nuclides noi found in nature ana pro- 
ducing other results which are of considerable importance. 
Normallv, artificial reactions in atoms are induced by firing 
nuclear particles at a target containing that type of atoms. 

The nuclear particles usec às projecuiles are made to move at 
great speed (with great energy) by the use of machines called 
particle accelerators. The followinz are particles most cammon- 
ly used as projectiles: 


Alpha particle - әне“ 


Beta particle - T 


Proton - үз nucleus of the nydrozen -1 atom 
De.teros - y n:cle:s or the hydrogen -2 (deuterium) 
atom. 
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Some typical examples are given below to indicate the general 
nature of artificially induced nuclear reactions, 


Alpha-neutron type: 
1Ве? + Het ج‎ gl 62 + Е 
| Alpha-proton type: 
| . qu + alte” — ر‎ + os E 
Neutron-gamma (radiative capture) type: 
it + on? ——— | + ο) + E 


It should be understood that in each of the reactions shown above, 
the particle or ray emitted, such as a neutron, proton, cr gamma 
ray, is emitted almost instantaneously when the reaction takes 
place. For — in the last example above, the equation 
does not mean that is radioactive and а gamma emitter; the 
gamma ray νὰ 18 — at the instant of the rezction. The 
product in this case is stable. In other cases, the product 
may be сазово. Thus, the product nuclei may continue to 
enit radiation. 


Leh FISSION AND FUSION 


Two artificially induced nuclear reactions which are of zreat 
importance are the two used in nuclear weapons: fission and fusion. 


1.4.1 FISSION 


The process of fission involves the splitting of very large 
nuclei, such as those of uranium -235,of plutonium -239, into 
much smaller nuclei. This splitting releases a vast amount of 
energy judged су ordinary standards of comparison, such as tha 
burning of coal or gasoline. The fission could take place 
spontaneously, but it ig initiated deliberately Ly directing 
а stream of neutrons into a mass of ur&niun or plutonium which 
is properly arranged a:d is of the proper size. If an alam of 
fis8ionable material captures a neutron, it may fission into two 
smaller pieces. The Гіззіо:. of just one nucleus releases only а 
tiny amount of energy--too little to be meas:red by conventi 
means. However, even а small amount of material contains a vast 
number of atoms. When the mall energy release fran one fission 
is multiplied by the number of fissioning atoms, the total energy 
release 18 morro:s, 
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There are different reactions which can occur in fissioning; that 
is, not every atom which fissions forms the same product nuclei. 
A few examples of fission reacticas known to occur are the follow- 


ing: 
ایو‎ б ont — وو‎ * gue + می2‎ + E 


ga? + от) 





“ә. o)? + κα + 2ont + Е 


A generalized equation can be written to represent the fission 
process, making use oi the symbol "ЕР" to stand for any fission 
product, This equation is: 


920255 + gil 


The energy released in any nuclear reaction, such as the general- 
ized fission reaction above, comes from the conversio: of mass 
into energy, If one were to add up the measured masses of the 
materials on the right side of this equation and those on the 
left side, he would find that the total mass on the right is less 
than the totai mass on the left. Some mass appears to have been 
"lost"; this mass has been converted into energy. Einstein pre- 
dicted as early as 1905 that mass and energy could be intercon- 
verted and that the relationship between them was given by the 
equation E = шс“, wherein E = energy equivalent to mass m, m = 
mass equivalent to energy E, and c = the speed of light, Calcu- 
lations with this equation show that a very small amount of mass 
is equivalent to a large amount of energy. This conversion of 
mass into energy provides the enormous enerzy release from ¿u- 
clear weapons. 





> FP] + ΕΡ2 + 201) + E 


In the generalised fission reaction equation presented above, 
there are two neutrons released for every one that enters. This 
figure of two neutrons released is a rough average for the whole 
set of possible fission reactions. The release of additional 
neutrons in the fission reaction permit the development of the 
chain reaction which occurs in a fission weapon or a nuclear 
reactor, Each neutron released is potentially able to produce 
another fission. Sin:e each neutron which produces a fission 
leads to the release of approximately two (2.46) more nevtrens, 
the number of fission: in each step (generation) of fissions is 
greater than the number in the preceding generation, Thus, the 
reaction builds up until the energy release is sufficient to 
destroy the casing of the weapon and detonation takes place. 
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1.4.2 FUSION 


À process which is the exact opposite of fission is also capable 
of releasing great quantities of energy. This process occurs at 
the lower end of the scale of elements and involves uniting two 
small atans into one larger atom, This is the fusion process. 
Although numerous reactions are possible, the equation which 
follows will illustrate the nature of the reaction: 


19 + үн — a He” +E 


On a basis of weight of fuel necessary, this reaction produces 
several times the energy release of fission and does not produce 
residual radioactive products, 


1.5 CHAIN REACTION ~ CRITICALITY 


The release of two or more neutrons at each fission makes the 
chain reaction possible, In order to create a chain reaction, cer- 
tain conditions must be satisfied. If one of the atoms in a piece of 
fissionaule noterial (U235) is caused to fission by bombarding it 
With a neutron, the two neutrons produced by the fissioning could do 
one of three things: 


l. Strike other uranium nuclei and cause them to fission. 

2, Pass between the urenium atoms and completely escape from the 
piece of material without causing any further fission. (Re- 
member that atoms are largelv empty space.) 

3. Strike nuclei (uranium or impurities) and not cause fission; 
in other words, be captured by the nuclei. 


For a chain reaction to occur, at least one of the neutrons produced 
per fission must strike & uranium nucleus and cause another fission 
to occur. In order to make this happen, we must minimize the escape 
and nonfission capture. Nonfission capture may be minimized by using 
very pure fissionablc material because impurities tend to capture the 
neutrons and prevent fission. Escape may be minimized by having 
sufficient fiss^onable material available. 


To visualize this, imagine a small, one-inch diameter spherical 
piece of fissionable material, in which a fission occurs. There are 
relatively few nuclei available within the fissionable material that 
the two neutrons produced by the fission may hit before they escape. 
Therefore, the probability of their striking other fissionable nuclei 
is very slight. If one of the neutrons happens to strike a nucleus 
and thereby causes it to fission, the probability of one of the second 
pair of neutrons striking a nucleus before escaping is very slight. 
Therefore, the reaction will quickly die down. A reaction of this 
type is called nonsugtaining. А piece of fissionable material such 
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as this is called a subcritical mass (Figure 1.5). 
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Figurel.5 Nonsustaining chain reaction in a subcritical mass 


If more material is added around the sphere, the neutrons have 
more nuclei which they may hit before they escape and the probabil- 
ity of their striking nuclei is much greater. If enough fissionable 
material is present so at least one neutron from every fission strikes 
another nucleus and causes it to fission, the reaction will continue 
in a steady manner and is called a sustaining chain reaction (Figure 
1.0. А piece of fissionable material in which a steady reaction 
occurs is called a critical mass. Energy is released in a steady 
controllable manner, sich as in a nuclear reactor used for producing 
power. 


If still more material is added to the sphere, more than cne 
neuiron per fission may strike a nucleus to cause further fission. 
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Figure 1.6 Sustaining chain reaction in a critical mass 


When this occurs, the chain reaction will increase very rapidly and 
is called a multiplying chain reaction (Figurel .7). In this case, 
we have what is known as supercritical mass, The energy is re- 
leased very quickly and cannot be controlled. 


1.6 NUCLEAR WEAPONS 
16.1 GUN-TYPE 


A supercritical mass is necessary to cause a nuclear detonation. 
However, it is unsafe to a ,anble a supercritical mass of fission- 
able metsrial until the moment the explosion is desired, since 
there are always stray neutrons which could start a chain reaction. 
To overcome this difficulty, the fissionable material may be 

kept in two separate subcritical masses within the weapon. When 
desired, thesetwo pieces can be brought together to form a super- 
critical mass which then detonates. Weapons employing this 
principle are known as "gun-type" weapons because one of the 
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subcritical masses is actually shot through a gun tube into the 
other subcritical mass wien the explosion is desired (Figure 1.8). 
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Figure 1,7 Multiplying chain reacti.3 in a supercritical mass 
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Figure 1.8 Gun-type nuclear weapon 
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1,6.2 IMPLOSION TYPE 


If, instead cf adding mors material to a subcritical. mass, the 
subcritical mass is compressed so that the ratio of surface area 
to mass becomes smaller, fewer neutrons will escape from the re- 
duced surface area and the mass will became supercritical. This 
principle is also employed in nuclear weapons. A subcritical mass 
is surrounded by & charge of high explosive, When tne explosive 
is detonated, the pressure created ccmpresses the fissionable 
material, making it supercritical, causing it to explode. Wea- 
pons employing this principle are known as "implosion" weapons 
(Figure 1.9) as the high explosive is arranged so that it im- 
plodes or exerts the major portion of its explosive force inward. 








High explosive 


Fissionabie 
material 


Figure 1.9 Implosion-type nuclear weapon 


1.6.3 THERMONUCLEAR 


“hermonuclear or "hydrogen" weapons utilize the fusion process 
to release energy. The thermonuclear reaction will occur only 
when the fusion fuel is subjected to enormous temperatures and 
pressures. А present, these can only be obtained from a fission 
detonation. Thus, every thermonuclear weapon has a fission 
"trigger" to initiate the fusion reaction, 


The fusion reaction has several advantages. The fuel required 
is relatively cheap, and the supply is unlimited, Also, the 
residual products of the fusion reaction are not radioactive. 
The radioactivity which results from the detonation of a fusion 
weapon comes fran the fission products of the fission component 
used to initiate the fusion reaction and also fran neutron-in- 
duced activity. By reducing the size of the fission componeni 
as much as possible, the residu. radioactivity can be reduced, 
thus producing а "cleaner" bomb, 
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! 1.7 NUCLEAR WEAPONS EFFECTS 


DA Pamphlet 39-3, ENW April 1962, provides information on nu- 
clear weapons effects, А summary of the E.N.W. presentation is 
given below to aid in the ^ackground study of such effects. 


17.1 GENERAL KNOWLEDGE 
Chapters 1, 2, & paragraph 11.77 through 11.220 an chapter 1]. 


` Chapter 1 covers characteristics of Nuclear Explosions to include 
a description of the different effects of a nuclear explosion, 
source of nuclear power, types of nuclear explosives, scientific 
basis of nuclear explosions and resultant fission products, 


] Chapter 2 contains descriptions of different type nuclear ex- 
plosions, to include air, surface, underwater, and under surface 
bursts; characteristics of the nuclear explosions including fire 
ball dimensions, blast. radii, and thermal aspects, 


Paragraph ll covers Nuclear Radiation Injury, levels of dosages 
and corresponding injuries received, radiation of both early and 
delayed fallout. 

1.7.2 WORKING KNOWLEDGE 
Chapter 9 with emphasis on paragraph 9.18 through 9.30. 


Chapter 9 contains the sources of Residual Radiation, calcula- 
tion of dose rates of fallout, at any time after blasts. 


Familiarity with the remainder of the reference to gain know- 
ledge of the type and scope ot information available. 
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CHAPTER 2 
ATTENUATION OF NUCLEAR RADIATION 
2.1 INTRODUCTION 


Nuclear Radiations are attenuated by passage “hrough any mass. 
The amount of attenuation is dependent on the type and thickness of 
the mass and the form and energy of the incident radiation, Further, 
there are several different ways in which radiation is avtenuated, 
and there is a wide range of effectiveness of specific elements for 
stopping different types of radiation. 


A principle attenuating action is absorption, or capture, of the 
high energy particles (alpha, beta, or neutron) or the gamma ray. 
This proceus results in ionization which destroys living cells, but, 
also permits ready detection and measurement of the radiation. 

Alpha and beta particles are readily attenuated and are consequently 
of no concern in shelter analysis. As neutrons are not emitted oy 
fallout, fallcut radiation attenuation is concernad only with gamma 
rays, The reaction of the high speed particles is important, however, 
for a full understanding of gamma ray atenuation. 


2.2 ATTENUATION OF ALPHA AND BETA PARTICLES 





2.2.1 INTERACTION BETWEEN ALPHA PARTICLES AND MATTER 


An alpha particle moving through matter faces a vast number of 
atoms along iis path. Figure 2,1 illustrates an interaction ve- 
tween an alpha particle and an atom of carbo; -12 (,C*“) as night 
occur in wood, The normal, neutral carbon atom with the alpha 
particle approaching it is shown in 2.1a. When a positively 
charged particle such as the alpha particle is in the vicinity of 
a negatively charged particle (ar orbital electron), there із a 
strong force of attraction between the two particles. As a re- 
sult of the attractive force, the electron may be pulled out of 
its orbit (this does not happen witi every atom near which the 
alpha particle passes) and be released as a free-moving electron 
traveling at considerable speed. If this occurs, the carbon 
atom is no longer electrically neutral, since it has six protons 
in the nucleus and only five electrons outside the nucleus, The 
atom has a net charge of +1 and thereby is a positive ion. A 
positive ion is an atom with a net positive charge as the result 
of the removal of electrons fron the neutral atom, Although 
strictly speaking tho electror, which was removed from the atom 
is not an ion, it is customary to refer to it as an ion in this 
context because it is a charged particle. Production of ions is 
termed ionisation. The atom which has become ionized and the 
electron that was removed are referred to as anion pair. The 
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ionization process and the terms used are illustrated in Figure 
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Figure 2ο] Interaction of alpha particle 
with orbital electrons 


2.2.2 ENERGY CONSIDERATIONS IN IONIZATION 


There is an attractive force between ihe electrons and the nu- 
cleus of an atom; therefore, if the alpha particle is to "pull" 
an electron away from the atom, iu must exert sufficient force 
to overccme the attraction of the nucleus. The alpha particle 
expends sone of its energy in doing the work of removing the 
electron; in addition, it imparts energy to the electron, which 
appears as kinetic energy (energy due to motion) of the off-go- 
ing electron, Each time an alpha particle causes an 1опїт&1оп, 
it loses a little of its Kinetic energy. As a result, its speed 
decreases continuously until finally it reaches equilibrium with 
other atoms in ihe matter and picks up two stray electrons to 
form a neutral helium atom. The distance from the source at 
which the alpha particle ceases to produce ionization is called 
its range. ‘The range differs with different absorbing materials 
and with varying initial energies of the aipha particle. 


| 
| 
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) In summary, .he ultimate result of the passage of alpha particles 
through matter is jonization. The alpha particle is not usually 
absorbed but becomes a helium atom after loss of its energy to 
electrons, 


2.2.3 INTERACTION BETWEFN BETA PARTICLES AND MATTER 


iacet RR IHE a ЭИ m tene 


: When the negatively charged beta particle passes close to a 
: negatively charged electron in passing through matter, there is 
: : a force of repulsion between the two electrons, This force of 
| | repulsion may push the orbital electron out of its position in 
| the atom, If the electron is pushed out of the atom , an ion 
| pair is formed, Each time an ionization occurs, the beta parui- 
| cle gives up energy in the form of work to remove the electron 
fram its orbit and in t';e form of the kinetic energy of the 
displaced electron, Аз a result, the beta particle slows down 
) until it reaches equilibrium with its environment. The distance 
from the source at which this occurs js the range of the beta 
particle. The range of the faster, smaller beta particle is 
much greater than that of an alpha particle of the sane energy. 
Note that although the mechanism 18 sonawhat different from that 
for alpha radiation, the net effect of the interaction of beta 
radiation with matter is the same, transfer and loss of energy 
through ionization. 


| 2.3 INTERACTION ОЕ GAMMA PHOTONS WITH MATTER 





2.3.1 GENERAL 


The mechanisms by which gamma radiation produces .onization 
differ appreciably from those of alpha or beta particles. Салпа 
radiation has neither charge nor mass. The resulis of some ex- 
periments with gamma radiation can best be explained by consider- 
ing that it is a wave which transmit energy through space. 

| However, the results of experiments such as those irvolving the 
interaction Ὠθίνθδη gamma rays and atoms, can best ve explained 
by considering the gamma rays to consist of a stream of iny 
bundles of energy. Fach bundle has zero mass, bui is able to 
produce effects as thouch ii were a particle, “ach of these 
little "bundles" of energy is termed a photon, or quantus, of 
radiation, This dual wave-particie nature of electromaznstiic 
radiation has been found to Le a satisfactory explanation for the 
various possible interactions of electromagnetic radiatio:.3 with 
matter and with electric and magnetic fields, The princivle 
gamma pnoton-matter interactions are: (1) photoelectric effect; 
(2) Compton effect; and (3) pair production. 
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2.2.2 PHOTOELECTRIC EFFECT 


In the photoelectric effect, a gamma photon is completely absoviei 
by an orbital electron. This electron has an increased kinetic 
energy and escapes the atom thereby creating an ion pair. This 
effect is illus'raied ir Tirmure 2.2. 


~~ 


& Pho TON 


Flcure 2,2 Phoucelec uric ^X ec. 


The electron behaves as a beta particle and can cause further 
ionizations by repelling electrons out of the orbits of other 
ΔἰΟΠδ. The original ionization produced by the gamma photo. is 
called primary ionization; the ionizations produced су the freed 
electron are called secondary ionizations. (Similar statements 
apply to electrons released by alpha and beta particles, but in 
these cases secondary ionizations are of much less importance.) 
The secondary iorisations are much more numerous than the pri- 
mary ionisations when gamma photons interact with maiier. 


2.3.3 COMPTON EFFECT 


Under some conditions an incomin; photon is not completely ai 
Sorued by the electron, but continues аз а lower energy gamma 
photon. This effect, illustrated in Figure 2.3 is the Compto: 
affect (after Dr. Arthur K, Comptci). Ав in the photoelectric 
effect, the off-going electron may oroduce many further іопіза- 
Lions. The renainin:; lower ener. photo: may underso further 
Compton effects, but the last interecticn reeulting from it (tne 
one in which the low-erer-: phata оз соте еу aosoroed) must 
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be a photoelectric eifuct. Most of the "skysuiue" aud wall- 
scatter components of radiation with which you will work in fall- 
out, shelter analysis are a result of Compton scatterings, Two 
important characteristics of Compton scatter are: (1) the re- 
sultant photon and beta particle have a tendency to travel in the 
same direction as the original gama photon, and (2) the greater 
the angle of scatter, the greater the energy loss of the gamma 
photon, 





NUCLEUS 


Figure 2,3 Compton Effect 


2.3. PAIR PRODUCTION 


The principle third interaction of келша photons with atoms 
differs consideraoiy from the photoelectric and Campion affectis. 
If а photon with anergy (greater then 1.02 MEV passes close to а 
large nucleus (such as that of lead), it can Le converted into 
two particles, an electron and а positron (shown on Figure 2.4). 
The positron ia a particle identical with the electron in mass, 
vut with a positive electrical char;e, The photon is elu:inated 
in the process as all of its епеглу is converted into the пазе 

of tho two particles and their kinetic enerzy. Іг chapier l, he 
equivalence between mass and onerzy ard the conversion of mass 
into energy in the processes of fission and fusion were discussed. 
Tr pair proiuction, the reverse process takes place in ¿hat enert 
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is converted into mass, The created electron and the positron 
are capable of producing ionizations in their paths, the electrcn 
behaving аз а beta “article and the positron behaving much as an 
alpha particle. T; . positron is not a stable particle; when it 
loses most of its kinetic exergy, it combines with an electron to 
produce two0.51 MEV photons, annihilating both particles, These 
characteristic 0.51 MEV photcas which travel in l£0* opposite 
paths are called "armihilation radiation". 
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Figure 2.4 Pair Production 


2.3.5 SUMMARY OF GAMMA PHOTON INTERACTIONS 


Although ionization is not the immediate result of pair production; 
it is the eventual result. Thus the three principle effects, 
photoelectric, Compton, and pair production, cause ionization of 
atoms in the material through wrich the gamma photons pass, 

The probability oi occurrence of any oi these events is a 
function of photon energy and absorber density and atomic number, 
Photoelectric absorption is most prominent with low energy photons 
in absorbers of high atomic number, Compton scattering predomi- 
nates with intermediate photon energies (about 0.5-1.5 MEV) in 
absorbers of low atomic numbers, Pair production is significant 
with high energy photons in absorbers of high atomic number, 
Compton scattering is the principal mechanism of attenuation in 
fallout shelters since photon energies are in the intermediate 
range and most construction materials are made up of light ele- 
ments. 
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2.4 ATTENUATION OF NEUTRONS 


Neutrons, having no charge, do not cause ionization dir. ctly, 
Instead, ionization results indirectly from several processes, some 
of which are outlined below: 


a, Neutrons ars capable of striking the nuclei of small atoms 
such as hydrogen and knocking these nuclei free of the orbital 
electrons, For example, if the nucleus of a hydrogen atom 
(a proton) were knocked free with a great desl of energy, it 
would cause ionization in the same manner as an alpha parti- 
cle. This is the principal cause of biological damage from 
neutron radiation, 


o. Neutrons may b* captured by nuclei with the instantaneous 
emission of gama photons as described in paragraph 2.3. 
These photons can cause ionization in tne sane fashion as 
any other gama photon. 


Ce Neutrons пау се captured оу nuclei in an object Somoarded sy 
neutrons to form new isotopes of the original elenenis, 
These new isotopes are generally unstable (radioactive) and 
give off beta and gamma radiation, which will cause ioniza- 
tion in the manner already described. 


Since there are ro neutrons in fallout radiation, they are noi 
a factor ir fallout shelter analysis. Neutro: radiation must se 
considerec, however, in design oi shelters to protect against initial 
effects. The complexity of neutron reactions is so greai ihai 
eupirical metnods must ое used in analysis for these sneliers. 


— 


9909] ARROW BEAL ATTENUATION 


Attenuation Formulas Unlike charged particles, which nave 
a definite range in an асѕоггөг, gama photors are асзогсеа 
in "one shoi" processes so thai алу single pnoton пау :e 
acsorced at any point or rot ue absorbed at all. балга rav 
attenuation is thus based on probabilities of photon inter- 
action. Tne result is а mathenmaticai expression similar io 
that used for radioactive decay. 


If а narrow bean of parallel, zama rays of a single energy 
level (monoenergetic) are passed through an absorber, ine 
beam intensity (I) can be expressed as a function of absorber 
thickness (X), in the following expression: 


I = Io e E ad (2.1) 











where І = intensity of the bean after passing through a 
thickness X of absorber 


Ig = original intensity 


X 


absorber thickness 


e = base of the natural logarithms, a constant 


παλ = ine linear absorption coefficient 
2.5.2 LINEAR ABSOPPTION COEFFICIENT 


The linear avsorpiion cc ficient, M, in equation 2.1 determines 
ine rate oi reduciion with absorber thickness of the intensity 
of ihe cea... It can te obtained experimentally and is a function 
of voin absor.er material and ine energy of the incident radia- 
tion. IL increases with increasing density and atomic numoer of 
acsoroers, and decreases th increasing gama energies. Tabu- 
lations and graphs of assorpiion coefficients ray be found in 
references such as the RADIOLOGICAL HEALTH HANDBOOK. A brief 
tabulation of ^ for common materials is given on page 397 oi the 
ENW, 1202. Е 


2.5.3 GRAPHICAL REPPESEiTATION 


š Use of ihe linear acsorptior. equation is awkward due to iis ex- 
ponential form. It is usually more convenient іо plot the re- 
sults for a particular absorber and radiation оп a seni-logarith- 
mic graph, on which the function reduces to a straight line with 
a slope equal tom. An exanple of such a plot is presented in 
Figure 2.5, Note that the ratio 1/1, is plotted so that results 
are read in terms of a fraction of the original intensity. Pro- 
clezs са. se readily solved from such a plot while their algebraic 
soluviors would present difficulty due io the exponentis and 
logarithas involved in ine formula. 


2.5.4 BROAD BEAN ATTENUATION 
The formula for absorption V — (2.2) 


is valid only ror narrow beans of mono-energetic photons moving 
parallel, Any effect which scatters a photon from the beam re~- 
moves ii from consideration. In a more realistic situation, as 
in the experiuent illustrated in Figure 2,68, scattering events 
add io the radiation received oy the detector, thus increasing 
vhe intensity for a given absorber thickness over that which 
would се expected in the narrow beam situation. To account for 
This increase, a tuildup factor is added to the equation: 


Ит, = Be TMX (2.3) 
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in which the symbols are the same as in the narrow bean equation, 

wilh the addition of the buildup factor, В, The buildup factor, 

a function of absorber material and gamma energy, сап 

ов determined experimentally or in some cases, developed theoreti- 
cally. Note that in the case presented in Figure 2«Ób, the curve 

departs slightly from a straight line. 


#505 EFFECT OF DISTANCE 


Imagine a point source of radiation in a vacuum, emitting So 
photons/sec in all directions, If there is an imaginary sphere 
of radius Кү about the point source (Figure 2ο), So photons/sec 
will pass through the surface of the sphere. 





Figure 


If S) photons/sec pass through a unit area of the sphere: 


5 = 4 R? (2.48) 


n 
For a larger sphere with radius Ro: 


So 


2" kW Roe (2.45) 
If So is eliminated Ly combining equations 2,43 and 2,40: 
2 
S R 
s RT (2.5) 


Equation 2.5 states that intensity is inversly proportional to 
the square of the distance, This is the inverse square law which 
&pplies to many physical situations. 
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2.5.6 COMBINED EFFECTS OF ABSORBER AND DIS'ANCE 


If a point source is in an infinite medium, rather than in а 
vacuum, the intensity will vary with distance due to both absorp- 
tion and the inverse square law. The equations governing both 
effects can be combined in 8 general expression using r as the 
‘distance from the source: 


ec AT : 
£ Ex = (2.6) 


Contribution of point sources can be integrated to develop {υπο- 

tions for plane sources in special situations of geometry, This 

has been done in developing the curves for the system of analysis 
presented in Chapter 5. 











CHAPTER 3 
BASIC METHODOLOGY 


3.1 INTRODUCTION 
3.1.1 OBJECTIVES 


This section presents a comprehensive system for the analysis of 
Fallout Radiation Shielding ог or vulnerability to Fallout Radia- 
tion. The objective is to present this system in concise form, 
with adequate illustrations of its application in elementary and 
complex situations. 


It is not the object of this presentation to provide an illustra- 
tion of every possible application of the system of analysis, 
Judgement of the shelter analyst is required; such judgement 
comes only from familiarity with the tools of analysis. Detailed 
methods of analysis are presented to provide the analyst with 

the means for developing his own engineering jucgement in the 
subject. 


3.1.2 BACKGROUND 


The basic system of analysis presentec in this section and re- 
ferred to as the "Detailed Procedure" is a modification of that 
formerly presented in the student text "Design and Review of 
Structures for Frotection fram Fallout Gamma Radiation". This 
text, prepared by Bureau of Standards and Office of Civil Defense 
personnel, was used for Fallout Shelter Analysis Courses given 
between August 1961 and August 1962. It was also referred to as 
the "Engineering Manual" and the system it presents as the 
"Engineering Manual Method of Analysis". The basis for the 
"Engineering Manual" was N.B.S. monograph, No. 42, by Dr. L, V. 
Spencer "Struciure Shielding Against Fallout Radiation from Nu- 
clear Weapons", June 1962. The system is derived from theory 
rather than field experimentation. Limited experimental con- 
íimaiions of the vasic data exist Lo give confidence in overall 
accuracy of the materials; however, f.ruher research may comple- 
mant or modify this material in various ways. 

















3.2 NATURE OF FALLOUT RADIATION ( 


Failout radiation is discussed only to the extert essential to 
develop the basic system of analysis. Chapter 9 of the Effecis of 
Nuclear Weapons is а comprehensive presentation, | 


3.2.1 FALIOUT CHARACTERISTICS 


Three types of radiation are emitted by radioactive fallout material: 
gamma rays and fast, charged, alpha and beta particles. Neutrons 
are not emitted. Те beta particles (electrons) can produce burns 
on unprotected skin; but, light shielding, such as heavy cloth- 
ing, provides a high degree of protection. Alpha particles do 
not penetrate the skin, The charged particles are biologically 
destructive when the smitting sources are ingested, but they are 
not significant in siructure shielding analysis. Gamma rays are { 
the sole consideration in fallout shielding probleus as they are 
extrene. y penetrating and biologically destructive. They may t3 
described as higa energy X-rays, but the term "gamma ray" is 
normally ised when the radiation is emmitted from the nucleus of 
the atom whereas X-rays originate from the orbiting electrons. 





3.2.2 THE STANDARD 


In radiation shielding analysis, the effectiveness of shielding ( 
is measured oy relation to a standard. THE STANDARD used for 
analysis of structures is the AMOUNT OF RADIATION THAT IS RE- 
| CETVED BY А POINT 3 FEET ABOVE AN INFINITE, SMOOTH, UNIFOFMLY 
CONTANINATED PLANE. ‘This amount of radiation is normalized to 
unity; thus the lesser amount of radiation which is reveived by a 
detector which 1s shielded by mass or displacement from the 
| source of radiation may be represented by relation to THE STANDARD, 
| аз а decimal fracticn. ( 
| 
| 


The contribution of radiation to а detector is determined by 
multiplying the effects of reduction due to carrier shielding by 
the effects of reduction due to geometry shielding, The sum of 
| all contributions through various contributing surfaces of а 

| structure, such as theexterior walls and roof, is the total con- 
| tribution or total "REDUCTION FACTOR". This reduction factor is 
| the decimal fraction of THE STANDARD that is transmitted to tne 

| detector. 


The followin; example illustrates the significance of THE STAND- 
ARD. The REDUCTION FACTOR at a point in the center of a base- 
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ment fallout shelter is 0,01, Fallout occurs and at a specific 
time the dose rate is 100 roentgens per hour at a point 3 feet 
above the outside field of radiation unprotected by adjacent 
2.vructures or any other shielding. This measured dose rate is 
thereby equivalent to THE STANDARD. Thus, the dose rato within 
ihe shelter would be 0.01 x 100 R/hr, or 1 Roentgen per hour. 


The multiplication of reduction factors due to the various effects 
reducing the radiation received is illustrated below: 


The mass of the wails of a shelter by itself causes the in- 
cident radistion to be reduced lo 20$ of the magnitude of 
radiation received by THE STANDARD, The dimensions and 
orientation of the walls and the detector by themselves, cause 
the radiatior to be reduced to 50% of the magnitude of radia- 


tion received by THE STANDARD, The barrier reduction 
factor for the walls is thus ,20, The geometry reduction 


factor for walls is thus .50. The combined effecti of bárrier 
and geometry factors із .20 х „50 = „10 i.e., the detector 
receives through the walls an amount of radiation which is 
10% of the amount that would be received by a point 3 feet 
above an infinite plane. 


3.2.3 DIRECTIONAL NATURE OF RADIATION 


Radiavion is received at an unshielded point over a contaminated 
field from all directions even though all emitting sources lie 
upon that field. Radiation is received from above the point due 
to the scattering of gama rays by the air ("Compton Effect"). 
Sane radiation which is received fran below the point is also 
radiation which has been scattered in the air; however, most of 
the radiation that is received from below the point has traveled 
νο the point directly from the emitting sources on the ground with- 
oui having bsen scattered. This is shown in Figure 341. 





Figure 3,1 Radiation at an Unshielded Point 
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The radiation received by the point, or "detector" at that point, 


varies in intensity with the direction from which it comes. 
Variables which cause this effect are closeness to the emitting 
Source, the rass of air between the emit'ing source and the de- 
tector, the amount of radiation which reaches the detector from 
& specific djrection and the number of emitting sources in that 
direction. The result of these effects is that a point such as 
THE STANDARD, overa uniformly contaminated field of indefinite extent, 
receives radiation with a polar distribution of intensity with 
direction as shown in Figure 3.2, With reference to this figure, 
note the extreme concentration of intensity just below the level 
of the horizontal plane through the detector, &nd in general, the 
significantly greater proportion of the radiation which arrives 
from below this horizontal plans in comparison with that from 
above the plane. 





w 
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Vector Scale: Relative magnitude of radiation received 
integrated 360° about the vertical axis 


Figure 3.2 Directional Distribution of Radiation 
Received by THE STANDARD. 


Radiation which arrives at the detector after having been 

scattered by air above the horizontal plane through the detector 
ig termed SKYSHINE. SKYSHINE consistsentirely of air scattered 
radiation. Radiation which arrives at the unshielded detector 
from below tho horizontal plane through the detector is arbitrarily 
termed GROUND DIRECT. It should be noted that GROUND DIRECT in- 
cludes radiation direct from ¿he emitting sources on the ground 
and radiation which has been air scattered below the detector 
elevation. The radiation which is not air scattered comprises 

the overwhelming bulk of GROUND DIRECT. 
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E 3.3 SOURCES OF REDUCTION IN RADIATION RECEIVED 
3,3.1 DISTANCE 


Radiavion received by a detector from a single emitting point 
decreasog with increased! separation of detector and source. This 
decrease occurs in a vacuum, atmosphere, or a denser medium. The 
decrease due tu distance alone varies as tha square of the dis- 
tance from the emitting source. This decrease and its cause may 
ñ be represented by the intensity of radiation passing through 8 

| unit area on the surface of sphere whose center is the emitter. 
The number οἵ gamma rays passing through a given unit area on 
the sphere is thereby dependent on the total surface area of the 
sphere. Ла the surface ares of a sphere of radius, r, is 4 T г2 
че fractional portion of the surface occupied by а unit area i$ 
του’ thus representing the variation of intensity with "r'.4 





distance dependent reduction in the amount of radiation received 
compared to that received by THE STANDARD, 1.0, occurs whan the 
dete;vor is more than 3 feet above the plane of contamination, 

when the detector is over a cleared area within a contaminated 
field o. otherwise infinite extent, or when the contributing area is 
of finite dimensions. Distance factors are height, dimensions 

of the contaminated field, such as a contaminated roof, and extent 
of the cleared or non-contributing area, such as the floor within 
the building walls. 


3.3.2 MASS 


The passage of Gamma radiation through mass has several different . 
effects upon the Gamma radiation. In one, the “photoelectric , 
effect", the photon of gemma radiation may be absorbed, transfer- 

ring all of its energy i. an electron of an atom, which is then 

ejected from the atom, Since the photon involved loses all οί 

ita energy, it ceases to exist. A second effect is scattering 

of the radiation, the "Compton Effect". In this interaction, 

the gama ray photon collides with one of the avomic electrons 

transferring some of the energy of the photon to the electron. 

The photon, with ite energy decreased, proceeds in a direction 

at an angle to its original direction of motion. The third effect 

is “pair production", posaitle with high energy guma radiation. 

When a gamma ray photon with energy greater than 1.02 MEV pasoes 

near the nucleus of an atam, t^e photon вау be converted direc. ~ 

ly into matter, with the formation of а positive and a negative 

electrem. The photon disappears in this process, however the two 

particles created soor interact with other electrons forming two 

photons of lees energy than that of the original «ne. 


The relationships of the above reactions to the atomic number of 
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the material comprising the mass, to tho energy of the incident 
gamma ray, and to the thickness of the mags are described in de- 
tail in Chapter 2 and in Chapter 8 of THE EFFECTS OF NUCLEAR 
WEAPONS. In summary, the magnitude o? the effects, or the por- 
tion of the incident gamma rays that аге affected, increase with 
the amount of mass. The system of analysis is directly concerned 
only with the overall shielding obtained and scattering. The 
overall shielding is determined as the fractional portion of {18 
reciation fran an area source,incident отоп a barrier, that emerges 
from the imer face of that barrier. Reduction due to scatter 
ingin which the radiation does not emerge from the inner face is 
included wita absorption. Further, the "Build-up Factor" for 
radiation which is scattered,but 2111] emerges from the inner 
face of the varrier,is not separately considered. 





Tne occurance of scattering is considerau „п a differentiation of 
the radiation that emerges fram the inside face of an exterior 
Larrier, This is not in the form of a reduction, but only in 
idani*ty of the radiaticn, 


3.6 PATAMETERS OF SOURCES OF REDUCTION 
3.4.1 GENERAL 


Shielding is reduction in radiation due to same effect. Shield- 
ing analysis is the determination of numerical. values for such 
effects with a result that relates radiation received through 
shielding to the radiation received if there were no shielding 
erfects, i.e. THE STANDARD. Shielding is the result of a complex 
into: tion of variablsa, many of which may only be approxim 1 
by 1 _ hy integral calculus or numerical procedures. Practical 
shielding analysis must give merical values to terms which wil? 
approximate the aciual situationr. Shielding analysis consists 
of identifying the principle factors, measuring them, and deter 
mining their direct sffect and influence on other factors. 


A basic division into geadnatry and barrier factors is made in 
measuranent of sources of reduction. Geometry factors are re- 
duction factors principally dus to directional distribution and 
distance effects, Barrier factors are primarily reduction factors 
due to mass. 


3.5.2 GEOMETRY SHIELDING 
3.h.2.1 Derivation of Solid Angle Fraction 





The evaluation of geometry shielding effects requires calcu- 
lating the size of the contributing contaminated plane o» of 
the non-contributing surface. A roof is a 1 mited contaminated 
area, while а non-contaminated or non-contributing area would 
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3.4.2 «2 


be the floor ої 2 building within its exterior wills. 


A solid angle fraction, represented by the symbol ὦ (omega), 
dsfines the portion of tne field of view, seen fram a point 
of interest that is occupied by a finite plane ares. The 
point of interest would normally be the detector. Α solid 
angle measured at a point is an angle in three dimensicnal 
space bounded by a conical surface with its vertex 3t that 
point. A solid angle may be defined as either the angle in 
three dimensions or the area subtended by the bounding coni- 
cal surface on the surface of a sphere of unit radius. Tn 
solid geometry, a solid angle is mecsured in steradians, with 
a total of 4 n steradians about ary point. In the alternate 
definition, a solid angle is the area subtended on the sur- 
face of a sphere of urit radius, o» the area measured in units 
of r^ subtended on the surface οἵ a sphere of radius r. 
Figure 3.3 gives two illustrations of aree subtended on the 
surface of a sphere by а cone or pyramid. The vertex of 

the cone or pyramid is coincident with ihe center of the 
sphere. 


The direction: nature of the radiation received by а detec- 
tor, as describe. in 3.2.3 and shown in Figure 3.2, and the 
natural dividirg plane between Skyshine and Ground Direct 
radiation at the horizontal plane through the detector make 
it convenient to use solid angle fraction as a fraction of a 
hemisphere. In Figure 3.3, she solid angle fraction of area 
W x L is the area A subtended on the surface of the sphere 
divided by the area of the henisphere, 2 π т^. A plane area 
of infinite extent would subtend an entire hemisphere and 
thus would have a solid angle "raction equal to 1.0, indi- 
cating that it subtends the entire hemispherical field of 
view. Since а aingle plane surface cannot subtend more than 
a hemisphere, solid angle fraction will not exceed 1.0. 


Computation of Solid Angle Fraction 


A numerical value is required fur solid angle fraction “ster 
mined by a finite plene ares and a point of interest. As 

can be visualized from Figure 3.3, the limiting dimensicns 

in the plane and the distance between the plane and point 

аге the critical factors. Solid angle fraction is compitec 
for areas which are symmetrically oriented apcut a perpendi- 
cular drawn from the point of interest to the plane сг tae 
area. Further, the mmerical solution of solid angle fraction 
is only made for rectangular or circular areas. An area that 
is not sysmetrical about +h. axia or is not circular or rec- 
tengular is treated by approximation or by multiple incre- 
ments. Such siluations are presented in Chapter 5. 
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(8.) RECTANGULAR AREA 





Figure 2.3 Solid Angle Fraction, ὢ, 
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The solid angle fraction subtended by асігсшаг area, as 
shown in Figure 3.4 may be computed oy the exact formula 


ш = l-cos 9 (3.14) 
developed from the formula 


e 
= Α = 1 
ω Sa — |  ٭‎ sin ods ag) ο) 





Figure 3.4 Solid Angle Fraction, Circular Area 


28 and cos Ө = — 
Since: tan 9 = 7 YY + ta e 


the relationship: cos 0 = y may be used to 
+ fl + (2 
2 


simplify the calculation of ш in absence of tabular ог 
sliderule functions of angles. Examples 3.1 and 3.2 illustrate 
the use of thess formulas for solid angle fraction deter- 
mination. 





The solid angle, ç, subtended by a rectangular area symmetri- 
cally located with respect to ihe point of interest shown in 
Figure 3.5 is given by the expressio-: 


P= 4 ten [>= =] (3.2) 


"d$ 1 = width = W 
whera: е is the eccentricity ratio Tength  T 


perpendicular distance 


n is the normality ratio = 2 x ____ from plane = 24 
Length L 
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Exarple Jel Solid Angle Fraction for a Small Circular Area 
REFERENCE: Figure 3.38 
GIVEN : R = 15ft, z = 50%. 
SOLUTION : © = lecos Ө Ө = tan! R = tan”? i = tan"i,30 = 16,7? 
ш = 1-соз 16.79 = 1- „958 


ω = Q2 


Example 3.2  Sclid Angle Fraction for a Large Circular Area 
REFERENCE: Figure 3.4 
GIVEN В = 60ft. 2 = TfL. 


R 60 
SOLUTION : w= lecos Ө cos Ө = + 1+ tane tan Ө = = р = 20 


а ا‎ «ἃ 
= - ы - Zl- — = l- «06 
°" d ΠῚ luo? 717 20 


Example 3.3 Solid Angie Fraction for a Smeil Rectangular Area 





REFERENCE: Figure 3938 


GIVEN εν = 15%, L= aft. z = Soft, 


SOLUTION : : | e W 
w =- tan n] n2+e2+1 е = = = 60 
| 2z _ 100 
п a-rao- = h 


-l |__.60. | 2 -1 
= сү tan 2034 


z2 
— rior 


* 2.050 
4 tan ^.036 = == x T 
ш = 24,036 1605 


ω = «0228 
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Example 3-4 Solid Angle Fraction for a Large Rectangular Area 
REFERENCE: Figure 3.5 
GIVEN : W= 35ft. L=50ft. z = 3ft. 
ыыр! ote Be 1Ο 
n Jnre l EE бу 
TON UNT PIER, ү: 


9 = g .19 Sohe 1] 


ω = x1,36 tan"lh.76 = 
U = „865 


SOLUTION : 


78.19 5 
1800 





Example 3.5 Solid Angle Fraction, One Axis of Symmetry 


GIVEN : Area 251, х 35ft. 2 = 3ft. 


+ 2 
|2 ⸗ 





REQUIRED : Find w of the 25'x 35! area, 
REFERENCE: Example 34 


= 1.36 


SOLUTION : 1. Find an area symmetrical about both axes through the 


perpendicular from the point of interest to the 
plane of the area(dashed lines in the figure). 


2. Find the solid angle fraction for the symmetrical 
area = 2ш = ,865 (from Example 304). 


20 a „865 
3. ш 8 => σα 
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Figure 3.5 Solid Angle Fraction,Rectangular Area 


The solid angle fraction ш, then, is given by the expression: 


Qm y, .2 tani — — | 
Zn m n y + 62 + 1 (3.3%) 


Examples 3.3 апі 3.4 iliustrate the use of the above formulas 
for rectangular finite areas symmetrical about a perpendicular 
from the point of interest to the area, Exmple 3.5 shows 
the camputation of w for a point of interest centered over 
one edge of the finite area. 


A chart solution of ὦ fram this expression when n = 10, e = 
„О1 is given in Chapter 4. The chart allows rapid deter- 
mination of 9 for the usual situation of & rectangular 
structure. When e is leas than .01, the formula must be 
used. Note that as one dimension, L, goes to infinity, ὦ 
remains а determinable quantity: 





the equation y 
2 
= -l 
ω = w tan” | 2222.2 Wo (3, 
i 1. [т +@ +1 dd 


becomes, with L = o0 


2l TER 
س‎ = ç tan [se esl 





or 


ΗΠ (2.0) 


When n is greater than 10, the situation is one of a very 
small area a large distance from the point of interest. In 
such situations the actual area, W x L, of the plane finite 
ares closely approximates the area subtended by the hounding 
conical surface on the surface of a sphere of radius equal 
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to Ze Using the plane area in place of the area on the 
spherical surface, the following approximate expression for 


1 ω is developed: 
: À Wx L 
O = — 2* ο 
277 2nz (3.5) 


Values of w given by this formula when n> 10 are within the 
accuracy of the ayeten of analysis and thus are fully ade— 
quate. The above expression has general application to an 
area of any shape which is of distance from the point of 
interest such that the area of the plane area approximates 
the area that the bounding conical surface subtends on a 
sphere of radius equal to Z. 


The use of equations 3.4 and 3.5 is shown in Examples 3.6 
and 3.” 


3.5.2.3 Geometry Shielding Determination 


The calculation of radiation received at a point within 8 
structure is divided into the calculation of radiation through 
overhead roof surfaces, termed Overhead Contribution, and 
tnat received through exterior walls, termed Ground Uontri- 
bution. The overheed contribution, C,, or reduction ‘actor 
Re (overhead), is equal to the sum of the radiation received 
Prom a given contaminated roof surface and the amount of 
skyshine received through the roof. The ground contribution, 
Cg, is the product of th^ barrier factors and the geomet 
factors, The geometry effect is dependent upon solid angle 
fractions, 





For calculation of roof contribution, the solid angle fraction 
is determined for the contributing area, inus, the solid angie is 
determined with the detector as the vertex and the edges of 
the roof &8 limits of the contributing finite plane area, 

ple 3.8 includes the determination of solid angle 
fraction for the basic roof situaticn. The solid angle 
fraction is the geometry parameter of the overhead contri- 
bution, б» 


The determination of contribution of radiation coming through 
an exterior wall uses the upper and lower edges of the wall 
as the limits of finite plane areas which determine solid 
angles with vertexes at the detector, and thus specific solid 
angle fractions. In the calculation of ground contribution 
therefore, the finite plane area determining the solid angle 
fraction represents the NON-CONTRIBUTING portion of the 
hetispherical field of view. Radiation emerging fran the 
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Example 3:6 Solid Angle Fraction for L = co 


GIVEN : W = 20ft. Leoo 2 = 102%, 





SOLUTION: ш = 2 tan = tan" p = 2-8 








Example 3.7 Solid Angle Fraction for n>10 


GIVEN : Welhlft. L=5ft. z = 30ft. 


+ — —— 








A „Мх lx5 
SOLUTION: ὦ = 54,2 ἐπα’ = 59505 


| ш 96 .00391] 

















É inner face of an exterior wall is divided into NON-WALL- 
Ed SCATTERED, and WALL-SCATTERED directional responses. Solid 
angie fraction is used as a parameter for the determination 
of these responses. The radiation which anerges from the 
inner face of the exterior wall and arrives at the detector 
has the following notation: 


ба ~ Sxyshine directional response, non-wall scattered 
radiation from above a horizontal plane through the 
detector. 


Gq - Ground Direct directional response, non-wall- 
Scattered radiation from below the horizontal plane 
through the detector. 


Gg - Wall-scattered radiation directional response, from 
both above and below the horizontal plane through 
the detector. 


225, 


` 


| 
| 
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igure 3.6 Ground Contribution Received by а 
Shielded Detector 


This classification of the ground contribution invo separate- 
ly identified directional responses із how in Figure 3.6. 
The floors above and below the detector 
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Example 3.8 Directional Responses for a Simple Structure 


GIVEN : W = 35ft. L = SOft, Dətector 3ft. above floor 
Wall lOft, high 


Elevation Plan 


Wy 





REQUIREMENT: 1. Determine values of wand шу . 


2. Determine appropriate Са, Ca, and Ge. 


SOLUT ΤΟΝ 
W 
=, 35 50 





w 35 50 .70 3 12] «8 
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limit the exterior walls «nd thus form finite, plane non-con- 
tributing areas. The maguitude of the contributing areas may 
be represented as tha sum of the portions of the upper and 
lower hexispheres which are not subtended by the solid angle 
fractions. As directional responses are determined as the 
contribution through tie portion of the henisphere not sub- 
tended by the solid &ngle, they are functions of a single 
solid angle fraction. Dire:tional responses will vary counter 
to variation in the solid angle fraction. Directional res- 
ponses for а simple structure are determined in Example 3.8 
by use of charts 5 and 6, in Chapter Л. 


Directional responses determined from charts 5 & ó in Chapter 4 
are for the "pure" situations of the radiation emergent from 
the inner face of the exterior wall being either all non-wall- 
scattered radiation or ail wall-scattered radiation. Such 

pure situations do not exist in practice except for an open- 
ing in a wall. Јл cases of windows and light doors, tno mass 
thickness is assumad to be negligible and consequently, these 
are analysed as pure situations with only non-wall-scattered 
radiation. 


In the typical exterior wall shielding situatior both non- 
wall-scattered and wall-scattered radiation <merge from the 
inner face of the wall. The fraction of tie emergent rediation 
which has been scattered in the wall is 4 fvnction of the mass 
thickness of the exterior wall. Values of wall-scattered 
radiation, the sum of the Gg, and non-will-scattered radiation, 
Gg plus Ga, which are determined as tlio gh for pure situations 
are reduced by multiplication by the fraction of the emergent 
radiation which has been or has not been scattered in the 
wall, respecvively. As the fracticn which has been acactered 
is represented by Sy, then the frection of the emergent radia- 
tion which has not been scattered is 1-3. 


The wall-scattered radiation received fran an exterior wall 
varies with the orientation of the wall with respect to the 
detector. Collimation of radiation scattered in the wall in- 
creases the proportion of the total wall-scattered radiation 
that comes fram the adjacent wall. Thus, a detector between 
two psrellel walls which extend to infinity receives radis- 
tion fram the full extent of both walls, but receives the 
bulk of this radiation fram those portions of the wells adia- 
cent to normals dram to those wells from the detector, 
(shown i: Figure 3.78). A situation which departs fran tnis 
case, such as а rectangular structure (Figure 3.70) haa lose 
wall area from which the radiation may emerga; but since the 
detector is now opposite points on four walls, has & larger 
total of wall-scattered contribution to the detector. The 
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Figure 3.7a Detector between Parallel, Infinite Walls; Е = 1,00 


Figure 





HH mni 
U 7 UE H ΜΠΕ ΠΠ 
VEGAN 










Figure 3,7c Detector in a Square Building; Е = 72 
FIGURE 3,7 Wall-scatter Radiation as a Function of Building Shape 


) expression: 
x | (3.6) 


+ e? 





gives tho factor "Е", termed ths "Shape Factor’, аз a function 
oi the eccentricity, e, of the building, by which the wall- 
scattered radiation determined for the parallel wall case 

(Qs fun chart 5) may ^e converted to the case of а rectangu- 
lar building. The Shape Factor, E, for & detector location 
centered in a square building 40 and for a detector location 
centered in a E building is 0.5 m, 


! 
| 
| 
| 
| 


К The total Gec2etry Factor for ground contribu- 
ae Gy, is the mm of ths non-wall-scattered directional 

Sporsés multiplied by the frection of the redietion ener- 
Вей — the wall which has not been wall-scatiered, and the 
wall-scattered directional responses multiplied by both the 
fraction of the emergent radiation which has been wall scatter- 
ed and the Shape Factor. In standard notation, 


Gç = (Ga + Gg ) x (1-54) + (Gg + Gg) x Su x E (3.1) 
34.3 BARRIER SHIELDING 
à 3.431 Mass 


The determination of the effects of mass is the basic element 

; of barrier shielding and the most important part of a correct 
analysis. The ef“ectiveness of nass is determined in part by 
the atomic number οὐ the shielding element and the energy of 
the inci rent radiation. The system of analysis is based on 
the shielding properties of a single substanco, water, and 
the energy spectrum of fissio: products 1.12 hours after de- 
tonation. The shielding properties of water closely approxi- 
mate the net shielding obtained trem common building construc- 
tion materials such as concrete, which are canposed of ele- 
ments with generally low atomic numbers. The energy spectrum 
of fallout varies considerably with time after the detonation 
due to different half-lives of the radioactive isotopes. 


The spectrum of fission pro- 
ducts at 1.12 hours after detonation is either representative 
or a conservative approximation for the spectrum at other 

i times after detonation. The redioactivity of fallout is 

: principally írom fission products. Unfiseioned tomb fragments 
and neutron induced redioactivity in soil are & minor source 

š of the redioactivity of fallout. 
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The effectiveness of mass is also dependent cn the amount of 
mass that the radiation must pass chrough to get to a detector 
and the angle of incidence of the radiation with an air-wall 
interface. Attenuation o^ radiation between the contaminated 
field and the wills of ts structure due to the mass of air 
is included wi-r tie barrier reduction factor for exterior 
walls. The actual 488 of the wall is measured in pounds per 
Square foot of barrier surface. Increased effectiveness of 
a barrier in reducing radiation not normal to its surface is 
accounted for in the darivation of the barrier reduction 
factors for specific applications. Thus, different curves 
are used for barriers in different orientations fran the de- Ay 
tector. Such curves are prepared for use for floors below the 
detector, case 1, chart 13 for floors above the detector, case , Eun 
3, chart 1; and for exterior walls, chart 2. | | 
3.4.3.2 Height Above Contaminated Plane 


The radiation received by an unshielded detector varies with 

its height above a uniformly contaminated plane. The effects 2 
of distance away from the emitting gource and scattering and E 
absorption in the air are given in Figure 4.6 Reduction Fac- 

tors for Height and Slant Radius. The value read fran Figure 

h.6 is all the radiation received by the unshielded detec- 

tor δἰ. a specific height in comparison to che radiation re- 

ceived by THE STANDARD, 1.0. 


The effect of height above the contaminated plane is incor- — 
porated into the barrier reduction factor for the exterior ΠΝ 
wall. This corrects all ground contribution for height by 
the variation of only a single factor. Roof contribution is 
not affected by height as the sources of the radiation are in 
contact with the structure surface. 


3.4.3.3 Collimation ano ingle of Incidence 


The effectiveness of a barrier is partially dependent upon 

the angle at which the radiation strikes the surfece. The 

same barrier is less effective in reducing radiation which 

strikes normal to its surface than it is for rediation which " 
strikes at some other angle. The radiation striking а verti- s 
cal barrier at а height 3 feet abov5 a uniformly contaminated 

field of indefinite extent has the ecngular distribution of 

THE STANDARD, as shown in Figure 3.2. In elevation, the bulk 

of this radiation is almost parallel tc Ше ground surface. 

At higher elevations, radiation strikes the wall surface 

from an average direction considerably below the horizontal. 

See Fig.res 3.8a and 3.8b. The effectiveness of the 

mass is increased with increasing departure fraa the no:mal 

of the incident redistion. Thus, the effectiveness of the 

маза in tne exterior well increeses with height of the wall 
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Figure 3,88 Distribution 
at 330ft. 
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Figure 3.0b Listribution 
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Figure 3.9 Collination of Wall-scatter Radiation 
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above the contaminated plane. This rolationship js inciuded 
in chart 2 , Reduction Factors for Ground Contribution through 
Vertical wall barriers. 


Since with increasing height, the bulk of the radieij^n re- 
ceived by a point above a contaminate i plane has an inc ceas. 
ing tendency to come fram the same á'rection (from vertically 
below the astector), the air is said tc have a collimating 
effect on tne radiation. Collimation is one offect of any 
mass upc. incident radiation. When radiatior is scattered 
within m28.) ut may travel in any direction, Figure 3.9. That 
which has been scattered the least will retain the must energy 
and will tend to emerge from the mass approximately in its 
original direction of travel, cose A. Radiation which has 
been scattered more has an increased chance o? being further 
scattered or absorted within the barrier, case 5. When the 
direction of travel after scattering is essontially normal to 
the surface, the radiation has the least chance of absorption 
or Zurther scatiering and the greatest chance of emerging 
from the barrier, case C. This effect is such that with in- 
creasing mass of the barrier, the scattered radiation has a 
greatar tendency to emerge normal to the surface of the 
barrier, Аз the fraction of the emergent radiation which has 
been scattered also increases with the amount of mass, the 
collimation, the tendency of the radiation to travel in 
parallel paths, becomes very pronounced with high mass ti.ick- 
nesses. 


The barriers of a structure, walls, roof, and floors, colii- 
mate the radiation with a resulting increased effectiveness 
of the barriers. Interior partitions forming barziers to 
ground contribution are an exception in tnat the radiation 
merging from the exterior walls has been collimated and there- 
by has the tendency to travel horizontally. Thus the interior 
partition barrier reduction factor for ground contribution 
does not include increased effectiveness for collimation, 
the factor used is that for a vertical barrier at а height 
of 3 feet above the contaminated plane, the height of HE 
STANDARD. If the radiation has been collimated by passing 
through a horisontal barrier such as a floor or roof with a 
resulting tendency to travel vertically, the effectiveness 
of the interior partition as a barrier is increased. This 
increase is provided for roof contribution by the use of a 
separate curve for the interior partition barrier reduction 
factor, Chart 11. As noted in paragraph 3.4.3.1, 
separate curves are ugeri ror the barrier reduction factors 
for floors above and below the detector elevation. The use 
of two curves for floors is principally due to the greater 
energy, and thus greater penetrating ability, of the ground 
direct rediation. 
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` 3,5 FUNCTIONAL EXPRESSIONS 





3,5.1 DEFINITION 


The variables which determine the amount ο; shielding afforded а 
point within а structure have а ccuplex relation to their рага- 
meters. Ав can be noted in Chapter 4, charts, these re- 
l&tionships can be expressed by highly complex iormuias, These 
formulas are not used in the aystem of shielding analysis however, 
but are replaced by charts which graphically express the relation 
of the various terms to their parameters. Functional expressions 
are used to show that relationship does exist betwea а term and 
the independent variables wnich determine it, without expressing 
the precise nature of the relatíon. 





An example of functional notation may be given with the expression: 
Z= YI 
where Z is the depu 'ert -ariable, and X and Y are the inde- 


pendent variables whose values determine the magnitude of Z, 
The functional notation for this relationship could be written: 


yee MÀ ο ο s À 


Z = f(X,Y) : where Z is a ı Action of X and Y, or 


Z(X,Y) : where Z is a function of X and Y. 


; Note that functional novation does not express the exact relation- 
i Ship, but only that a relationship exists, Thus, the term Z(X,Y) 
| could also represent: σ. + Z= X, Z = XY, etc. 


; 3.5.2 FUNCTIONAL NOTATION OF BASIC TERMS ‘ 
i The syste or shielding analysis employs many factors, which are , 
determinsd by the physical properties of the structure under 

analysis. Precoding paregraphs have presented and dafined these 

terms. The normal functional notation used when they are incor- 

porated in functional expressions is given below: 


Ве(Хь, Ea) Exterior wall barrier reduction factor, a function 
of exterior well mass thickness, Xa, and detector 
height above contaminated rlane, Ha, Ha. is taken 
ав 3' for basement cates. 


de 


ve wes ©. 


Be(Xe) - Barrier reduction factor for flour immediately be- 
neath detector, a function of floor mass thickness, 
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B4(X4,3!) - Interior partition barrier reduction factor for 
ground contribution, a function of interior 
partition mass thickness, X, and a helght of 3'. 


Β (1) = Interior partition barrier reduction factor for 
roof contribution, & function of interior parti- 
tion mass thickness, χι. 


B&(X)) -- Barrier Reduction factor for ground contribution 
for floor immediately over the detector, a func- 
tion of the mass thickness of that floor, X!. 


Byp(Xqs%g)~ Reduced barrier reduction factor for wall-scatter- 
ed radiation with mutual shielding, a function of 
exterior wall mass thickness, Хо, and the solid 
angle fraction for the finite field of contemina- 
tion seen at midstory height, Ugo 


E(e) - Shape factor for wall-ecattered radiation, а 
function of the eccentricity ratio, e. 


Ga (v) - Direc''onal response ror skysline radiation, a 
function of solid angle fraction, ш, 


Ga, Ha) ~ Directional response for ground direct radiation, 
& function of solid angle fraction, ш, and de- 
tector height above the contaminated field, Hy. 


Gs (e) - Directional ~esponse for wall-scattered radiation, 
a function of solid angle fraction, w. 


S\{X_) = Fraction of energent radiation scattered in wall 
barrier, a function of exterior wall mass thick- 
nese, Хе 


35.3 ROOF CONTRIBUTION 


The basic functional expression for roof contribution combines 
facv ra for barrier reduction and geanetry effects. 


Ry = Co (95 Χρ) (3.8) 
where Re - Reduction Factor for roof contribution, 
Co(3,Y9) = Contribution of radiation lying on roof and 
ө through the roof, a function of the solid angle frection 
determined ty the contributing roof area and the total overhead 


паве thickness, χο, of mass in horisontal planes between the de- 
tector and the contamination. 
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When the contribution of a portion of the roof must came “hrough 
an interior partition, the net contribution of that portion of 


the roof must be multiplied by an interior partition barrier 
reduction factor for roof contribution. 


Re = net C, x B] (X. ) (9.9) 
where B(X) de the interior partition barrier reduction 
factor fer oot contribution, and which by derivation, takes in- 


to account the increased effectivenes; of the interior partition 
due to collimation by the overhead mass. 


Equations 3.8 and 3.9 are the general expressions for roof con- 
tribution. The determination of "net Со" and other applications 
of these expressions are illustrated in Chapters 5 and 6. 

3.5.4 GROUND CONTRIBUTION 


The basic functional expression for ground contribution combines 
barrier and geometry reduction factore: 


Cg" Bx ας (3.10%) 
where G = Reduction factor for ground contribution. 


B = Product of the applicable Barrier reduction factors. 
Gç = Geonetry reduction factor for ground contribution. 


This functional expression may ba expanded to include the actual 
factors used in the determination: 


Cg = Be(XqoH) x E. (14:37) xf [Gq (5,8) + 0,04] x (sx) 


+ [au + o4) ] S) x Ble) (3200) 


The above expression is the contribution through the wall on the 


Story of the detector of a rectangular, aperture-loss structure 
symwetrical about the detector, 


Contributions through the exterior walls of adjacent stories, 
through walls with windows, or through walls oi varying разе 
thickness are camputed using variations of equation 3.lOt in 


which all the appropriate barrier reduction factors are included, 


ге“. values are substituted for the directional response values 
Sw, and provision for different type walls is made by repeat- 


ing tae expresuions with the appropriate barrier and geam^try re- 


duction factors and than weighting the resultant expressions in 


accordance with tho portion of the total structure they represent. 
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Azimuthal sectors, in which the angle in plan subtended by the 
specific wall for which the expression is written is made а frac- 


tion of the building by dividing by 360°, are usually used for 
this weighting procedure. 


As the basic functional expression for ground contribution, 
equstion 3.10 or variations of this formula, are written for a 
situation which is the same all around the detector, the non-uni- 
form case must be calculated ty using several functional express- 
ions, each weighted Sy an appropriate asimuthal sector. Thus, a 
general expression for ground contritution may be written: 


Cg" Az, (B x üg)» + Az, (B x Gg)2 + Ay, (B x Gç) + e od 


3.6 SUMMARY 


The Detailed Procedure introduced by this Chapter, and the Sim- 
plified, Approximate Procedure to be derived from it demand skill in appli- 
cation. Both systens require visualization of a structure and the 


manner ín wh:.ch a complex facility may be divided into simple cam 
ponents suitable for analysis. 


The ability of the analyst to make this visuai:2ation and his 
working ability with the tools of analysis make the >. stems practical, 
The working ability is achieved only by practice, however the material 
presented in thia section are the necessary tools. 
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3.8 NOTATION 


The following is tho basic list o. aynbols for shielding analysis, 
exclusive o^ *hoee used only in the Simplified Procedure: 


Ао еоеооз оо АТФа (af). 


Ape sesso Fraction of contributing wall ares occupied by apertures. 
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AgecccccccAZUmthal sector. 
Аа ә ә» ο Azimuthal sector of apertures. 


BeoececccseBarrie- “eduction factor for olane isotropic sour: of 
radiation. 


Bgeececc Barrier seduction factor for exterior wall construction, 
Bess. eoo Barrier reduction factor for floor below the detector, 
B4 eec» ^ Parrier reduction factor for interior wall construction, 


Bl... eee s Barrier reduction factor for overhead (roof)contribution 
through an interior partition. 


Bl...» ».OBarrier reduction factor for ground contribution through 
the floor over the detector. 


BygeceeceoBarrier reduction factor for wali-scattered radiation 
(mutual shielding case only). 


Cg e» Reduction factor accounting for cambined barrier and geo- 
matry shielding effects; ground contribution. 


Cos eso e Ü R2duction factor accounting for ceubined barrier and geo- 


metry shielding effects; overhead (roo?) -ontzibution in- 
cluding skyshine through the roof. 


GooecececceEcCOntricity ratio = W/L. 

Eso oo eo ee Shape correction factor for wall-scsttered radiation. 
Fgeeecccee Effective fetch (ft.). 

Cocccccee «Gednetry reduction factor. 

Gao ecce Directional response for skyshine radiavion. 
Gases... Directional response for ground direc’ ratiation. 


Ое ооо ое ое виг" reic іол factor for ground contribution. 


Ώρος.» ο Di;eculonal response for wall-scattered radiation. 
Нә» ео в еә ө Height above contaminated plane (fta). 


Ha e... ...Height of detector above contaminated plans (ft.). 
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Leos .... length of structure (ft.). 

neocecececllofmality ratio = 2Z/L. 

Pase eee ee Perimeter ratio of apertures. 

Рр» ә» о өө s Protection factor. 

Prosecco e eParimeter ratio, 

Ре,» eee e Bavrisr reduction factor for point isotropic source. 

Ве,» өөө s Восс іоп factor. 

Sy Fraction of emergent radiation scattered in wall barrier. 
(i-S$,)....Fraction of energent radiation not scattered in wall barrier. 
UseceereceUnit weight of barrier (pef). 

WesseoccceWidth of structure (ft.). 

Мое eee Width of finite contaminated strip (ft.). 

Xot’. eses Mass thickness of exterior walls (paf). 

Ү-,.000607:298 thickness of floor construction (psf). 

Xi. eesce Маза thickness of interior walls (psf). 

X Total overhead mass thickness (psf). 

Хр... еее Mass thickness of floor over the detector (psf). 
Xpeee es Mass thickness of roof construction (psf). 


Z seosecceseForpencicular distance between horizontal plane and de- 
tector (ft.). 


w (umega) Sclid angle fraction. 


W_(amega) Solid angle fraction subvended by limited field for a point 
at midwall height in mutvai shielding cases. 


ux »pWoatc. Solid angle fraction in first, second, etc. "og of passage- 
way or shaft. 
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CHAPTER 4 


DETAILED PROCEDURE - CHARTS 
INTRODUCTION 


.l OBJECTIVE 


The design and analysis of structures for protection from fallout 
gamma -adiation requires the determination of the degree of 
protection given by both mass and geometry effects. The reduction 
due to these two effects is found by relating a given structure 

to standard configurations for which the reduction factor is known. 
Once the reduction factors: for the standard configurations are 
known, the result for the given structure can be determined. This 
chapter will present the basic charts used for determination of 

the reduction factor f-r standard configurations and a discussion 
of the background and derivation of these charts, Thus a basis 

is provided for estimating the degree of accuracy and applicability 
of the charts for actual structural situations. 


2 “ACKGROUND 


The fully-developed portion of the theory of gamma ray diffusion 
and penetration applies only to media that are homogeneous and 
infinite. Practical shielding applications, however, require 
consideration of boundaries ¿nd irregularities. The basic study 
in this field has indicated that economy of effort and increase 

in accuracy cen be achieved, if boundary problems are approached 
by applying corrections to a solution for an infinite homogeneous 
medium. Such an approach is suggested by the fact that in many 
circumstances the boundary effects are relatively small. Further, 
the approach allows application of the extensive results for in- 
finite homogeneous media that have been calculated by exact methods. 
The method that is employed to correct for the presence of 
boundaries is modification of infinite medium results through an 
appropriate schematization. 


Most theoretical data derives from study of a ѕілріе case in 
which the medium has no irregularities (an infinite homogeneous 
medium). The source may be a plane in the medium or concentrated 
at a point. In these situations, detector response as a funciton 
of distance from the source can be calculated to a precision of a 
few percent. These calculations have internal consistency and 
reliability, and usually represent a good approximation of reduction 
in intensity due to actual slab barriers. It is convenient to 
select a standard based on these calculations and to use ratios 
between actual detector response due to radiation from a particular 
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wall, for example, and this standard. The resulting ratios 
express nearly all the special characteristics of the configur- 
ation. Paragraphs 3.3 and 3,4 pr sent a discussion of the 
analytical procedure and the use cf barrier and geometry factors ΄ 
based upon these infinite medium calculations. 


4.1.3 BASIC ASSUMPTIONS AND VARIABLES 


Fallout is assumed to uniformly cover all horizontal surfaces 

and the horizontal projection of sloping surfaces. This forms the 
primary source of radiation which travels to the detector, wher- 
everlt may be. A "Standard Unprotected Position," THE STANDARD 

as defined in paragraph 3.2.2, is chosen as a detector location 
three feet rbove a hypothetical infinite plane source of the same 
character as the fallout on the ground. Ground roughness is 
avoided by making the source plane ideally smooth. 

This choice of reference detector location: 


a. Gives an extreme, but not unrealistic estimate of the dose. 
rate to which the centroid of the body is exposed in an op:n 
contaminated field. 


b. When given the spectrum and strength of the gamma rays emitted 
per unit area, permits the reference dose rate to be calculated 
to about 2 - 3% accuracy. 


c. Aliows ground roughness to be considered as a separate 
variable. 


The "protection factor," Ρε» is defined as the ratio cf THE 
STANDARD detector response, Do, to the protected response, 
D: 


Pe = Do / D 


The reciprocal of Pf, the REDUCTION FACTOR, is uscd in structure 
fallout analysis. The ratio D/Do will be used in place of re- 
duction factor for the development of the charts in this chapter. 


In addition to selecting the location of the detector at a height 
of 3 feet above an infinite contaminated plane, the spectrum of 
fallout radiation used is that existing at 1.12 hrs. after fission. 
Figure hel shows the relative intensities of different spectral 
components at several times after fission. The height of each box 
15 proportional to the energy content of gamma rays in the energy 
interval, and the central line indicates an energy assumed for all 
photons in the interval for purposes of calculation. The lines 

do not correspond to spectral energies actually present. The 
total intensity is unity for each spectrum. Once the spectrum is 
selected for THE STANDARD, the relative effectiveness of various 
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configurations can be determined, 


In review, the basic assumptions introduced thus far are: uniform 
distribution of contamination; spectrum at 1.12 hours after fission; 
and location of THE STANDARD, 


The shielding provided by a barrier depends upon many variables, 
among which are: 


ta) the weight per unit area of the barrier 

(b) the type of barrier material 

(c) the gamma ray spectrum 

(d) the directional distribution of the radiation striking the 
barrier. 


The type and thickness of the barrier can be treated as one 

variable due to a fortunate circumstance: nearly all important 
construction materials have atomic numbers sufficiently low that 
attenuation is due primarily to scattering interactions, which 

are independent of the energy states occupied by the electrons. 
Thus, the attenuation produced by a barrier depends almost complete- 
ly upon how many electrons it puts in the path of the gamma rays 

per unit area; this is simply the product of the number of electrons 
per unit volume times the thickness of the barrier. 


The effectiveness of barrier shielding is measured by a parameter, 
X, which is proportional to the barrier thickness, t, and to 
u x Z where u is the density and Z is the ratio of atomic charge 


to atomic mass number, averaged over the constituent elements of ‘the 
barrier. X is defined by the expression: 


x = 2(5) ut (һ.1) 
The factor of two is introduced because (5 is nearly 0.5 for 
such important construction materials as brick and concrete, so 
that 2(4) ; 1 for those materials. If 2 (2) 51 is treated as a 
dimensionless proportionality constant, then X can be measured in 
pounds per square foot, with y and t measured in lbs/ft3 and feet 
respectively. As X is nearly equal to the weight,per unit area 
or "mass thickness" it is termed the effective mass thickness. 
Table hel gives values for 2 H for a number of common materials. 
together with the density of the solid material. Table he2 lists 
values of mass thickness for common building materials. 


heh, 








Table 4,1 Values of 2 2/А _and'U 





Material 2 x Z/A U, Density ín pcf 
Water 1.11 62.5 
Wood 1.06 34.0 (average) 
Air 1.0 0.076 
Brick 1.0 115 
Concrete 1.0 144 
Soil | 1.00 - 1.02 100 (average) 
(depending on water content) 
Steel 0.931 &80 
Lead ` 0.791 710 











Barrier shielding factors, B, are functions of the effective 

` mass thickness, i.e., B = B (X). Use of the concept of effective 
mass thickness makes it possible to perform calculations even 
when barriers are composed of several layers of different materials: 
the effective mass thicknesses of the different layers are added 
to obtain the total mass thickness. 


The other basic variables upen which the detector response depends 
are presented in Chapter 3 and are listed here: 


a. Geometry shielding (paragraph 3.4.2) based on solid angle 
fraction (paragraph 3.4.2.2) which is used to determine directional 
responses and overhead contributions, as modified by the fraction 
of radiation scattered in the wall and the influence of the shape 
of the area (paragraph 3.4.2.3). 


b. Barrier shielding (paragraph 3.4.3) based primarily upon mass 
of the barrier (paragraph 3.4.3.1), as modified by height above 
contaminated plane (paragraph 3.4.3.2),collimationsand angle of 
incidence (paragraph 3.4.3.3). 


4.2 DERIVATION OF CHARTS 
M. 2. MEASUREMENT AND DISTRIBUTION OF RADIATION 
The actual measurement of radiation traversing a given region 


requires a suitable detector as a probe. The detector should be 
small so that all parts of it are exposed to the same radiation 


es 








Table 4.2 Mass Thickness of 





INDIVIDUAL BUILDING MATERIALS 





Item 


















Asbestos board. . 

Asbestos, corrugated 

Asbestos shingles. .... 

Asphalt roofing, *-ply 

Asphaltro roofing, 4-ply 
gravel, 

Asphalt roofing, 5-ply 
gravei. 

Asphalt shingles...... 

Brick.. 
Do 


Do 
Do.. 


Clay tile sh'ngles..... 
Clay tile, structural... 


Es .'^ block, hol. 


RUE board.. 
Gypsum, sheathing... 


Marble facing... 
Plaster, directly ap- 


piled, 
Plaster on fiber lath... 
Plaster on gypsum 
a 


Plaster on metal lath.. 
Plaster on ои lath. 
Тын, solid.. 


Plywood, finish....... 
Do. — 


Plywood, “sheathing. - š 


Sale... uu recess 
tteel, ‘corrugated, 20 


gs. 
Steel panel, 18g2...... 


Stone - 
Stone, cast, facing..... 


Stucco, metal Isth..... 
Stucco, wood lath.... 


Se _ 


Wood йш, 8 in. 

νε]. 

Wood siding, 6 in. 
drop. 


— 


Thickness | Weight Ps! 


Inches 
13 16 
1.7 
ENE 
з 1.8 
οπως 1 
— 55 
— 6.2 
— 23 
4 1 
8 79-10 
12% 115415 
17 1544-30 
νας κό. 1545 
4 18 
4 30+4 
8 855 
12 10 
1 4 
12 144-150 
μ 0.3 
M 0.9 
2 9.5+1.5 
12, 5-2, 5 
1⁄4 2.1 
$4 2.0 
2 26 
x 5 
4 5.0 
4 6.0 
X 6.0 
3⁄4 5.0 
3 20 
4 30 
20 1.0 
4 1.5 
3$ 1.1 
7.3 
2 
3.26 
130 
24 
9.0 
8.0 











Component 


Wall 

Do. 
Roof, wall 
Roof 

Do. 


Do. 
Do. 


Wall 
Do, 


Do. 

Do. 
Wall, ceiling 
Wall 

Do. 
Wall, celling 


Do. 
Do. 


Do. 

Do. 
Wall 

Do. 
Сешак 

е 

Wall, roof 
Roof 
Roof, wall 
Wall, roof 


Wall 
Do. 


Do. 
Do. 


Do. 
Floor 

Do. 
Floor, roof 
Roof 
Wall 





Common Building Materials. 








COMPOSITE MATERIALS 





2 Thickness — Ра 


Ceramic Ше... 
on mortar bed 


Concrete, reinforced 
ribbed slabs (see 
section on & mpo- 

nents), 

Marble or terrazzo 
on concrete 611, 

Plaster, hollow "wall 
with steel studs. 

Plaster on suspended 
intial lath. 

Wood finish fioor..... 
on wood sleeper 

Lightweight concrete” 








Item 


Door, wood exterior, 
standard 3 {t-0 in. x 
6 ft-8 In, solid core 


pane 

Door, wood interior, 
standard 2 ft-6 in, x 

6 ua in. hollow 


Door, glass, exterior, 
aluminum edge, 
standard 3 [1-0 in, x 
? ft-0 in. 

Door, glass, аео 
rr wd 3 {1-0 in 








8 





4 
4 50 
4 22 
ЕИ 10 
и |... . 
И οκ 
4 з 


DOORS AND GLASS 
Thickness | Welght Psf 


Inches 


οί 4.5 


1% 


Component 





Wall 
Ceiling 


Floor 


Component 


Small buildings 


Do. 
Large buildings 


Do. 


Small buildings 
Large buildings 








flux and {5 does not appreciably disturb the flux distribution. The 
response measured by such a detector is due to photons which 
traverse the detector material. These Fhotons may be characterized 
by the direction of their trajectory at the tíme they enter the 
detector. Direction is identified by means of polar coordinates 
which are measured with respect to an arbitrary polar axis through 
the center of the detector and a referenc. half-plane terminating 
along the polar axis (as shown in Figure 4.2). The vertical angle, 
Ө (theta), and the azimuth, 2 (phi), are measured to a line 
extending out from the center of the detector paralle! to the 
trajectory but opposite the direction of travel of the photon. 
The angle which this line forms with the polar axis is Ө, while 

f is the angle between the reference plane and the plane terminat- 
ing along the polar axis which contains this line. Any direction 
of incidence is uniquely specified by values for these two direction 
coordinates. 


5 
a? J 
ο کی ر‎ 
SS 
«9 vs 
SS 78 
Š 
«oar 
NY 
Polar Axis S کې‎ 





Figure 4.2 Coordinate System for Detector Position 
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Note that the coordinate pairs (0,9) may also identify a unique 
point on a sphere of unit radius centered at the detector. The 
coordinate pairs can thereby be referred to as a direction or г 
point on a unit sphere. 


The total detector response, D = D (0,0), is made up of contribut- 
ions from all directions. D (0,9) sin Ө d © d is the portion 
of the total detector response due to gamma rays with incident 
trajectories between Q and Q + dO, and between 0 and Ø + d$. The 
total response from all directions is expressed by the integral: 


т 2n 
D = {з 9d9 { df Ὀ(0,0) 


1 κ 
- f асов 9 f d) D(0,0) 
-l 0 


The function D(9,0) is referred to as the detector DOSE ANGULAR 
(or DIRECTIONAL) DISTRIBUTION. 


(442) 


When there is symmetry about the polar axis due to the nature of 
the radiation field, 0(9,0) does not depend upon f, and the 
function D(Q,9) can be written іп the form D(9,0)=( jr ) D(0). 


Equation 4.2 becomes: 
т 


р = | D(0) sin 949 (5.3) 
ο 


his expression gives the total response of a detector at a given 
position in space due to a given source of radiation. The only 
stated requirement is that the resulting distribution of radiation 
intensity received by the detector must. be symmetrical about the 
polar axis. The use of Equation 4.3 will be presented with the 
derivation of the height chart (paragraph A.2.3). 


À4.2.2 HELGHT CHART 


Consider an infinite isotropic, plane source of fallout radiation 
imbedded in an infinite, homogeneous medium, Figure 4.3, with the 
distance of the detector from the source plane represented by d. 
The distances may be referred to alternatively in terms of X, 
(lbs/£t2) the effective mass thickness between source and the 
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Figure 4.3 Isotropic Detector, Plane Isotropic Source 


detector. If the medium is air (at 20°, 76 cm Hg), the relation 
between d and X is: : 


d/X = 13.3 ft of air/psf. 


At distance d from the source plane, the radiation produces a 
dose angular distribution which is referred to as f (d,cosQ), 
where Q is the vertical angle measured from the perpendicular 
through detector to the source plane and which forms the polar 
axis. The scale of f (d,cos0) is so fixed that an isotropic 
detector which registers Do roentgens/per hour three feet above 
the source will register dD=Do Rid,cos@) sinOd@ roentgens/per 
hour due to gamma rays striking the detector between Q and 9 + 
dQ, or: 


[ 
[aco Á(31cos0) = 1 (hel) 


1 


Equation 4.4 is equivalent to equation 4.3 with the function D(9) 
written as Ñ(31cos9). 


The function Й (ἀ,ςοςθ) 15 the same as the dose angular distribu- 
tion discussed in paragraph 4.2.1 with an additional variable 

for height, d. It represents the dose rate received by a 
collimated detector oriented at an angle Q with respect to the 
vertical. A sketch of this function r = £'(d,0) as a function of 
Ө is shown in Figure 4.4,which shows the angular variation on a 
polar plot where the radial vector r, is the incremental dose 
integrated 3609 about the polar axis. The radial scale in Figure 4.5 
is logarithmic so that the varietions of dose rate with Ө are 
much more severe than shown, as may be seen in Figure 3.2 and3 .8. 
The notation r =f (d,9) is used to distinguish between the dose 
angular distribution in terms of û and Q and that in terms of 

d and cos Ө, written above as À(d, cos0). 
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Figure 4.4 Directional Distribution (Plane Case) 


Figure À.5 illustrates the appearance and behavior o£ g(d,cos@). 
These curves represent actual results for penetration by a 1,12 

hr fission spectrum in an infinite medium ^* water, which is 
sufficiently similar to air in regards to interaction probabilities 
that these curves have been scaled to correspond to feet of air. 
Various features of these curves should be посед: noar the source 
plane (low d).((d,cosQ) is proportional to (cos@)-! for angles 
approacaing but less than */2 (i.e., cos ὢ-ν 0) This results 

in large values for directions neariy parallel to the source plane. 
an important featuce of the radiation from this type of source. 
With increasing height above the source piane, che djrectional 
distribution is increasingly weighted toward Q = 180 (i.e., 
vertically downward). With xreatCheisht abuve the source plane 
(high d), the initially dominant oblique components are pre- 
ferentially removed. 


The total response of the detector at a height d above the 
contaminated plane is, from equation 4.4: 


ζ(4) - [а (4,0) sinQdG (k.5a) 
e 


, 
L(d) - [2 (d,cesQ) d(co:Q) (4. 55) 
het 
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Figure д.5 
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Equation 4.5b cxprcsses the response in terms of the variable 
«050 while the first equation expresses the response in terms of 
the angle O. [n view of the normalization of THE STANDARD at 
d=] feet, L(d) is simply the total detector response at a 
distance d (In afr) from an Infinite planc, isotropic source, 
divided by the detector response at 3 feet in air from the same 
source. Note that the detector response Includes radiation that 
has travelled past the detector and has been back scattered as 
well as radiatior that has been back scattered from the semi- 
Infinite space below the detector. These responses ore Inherent 
in the determination of the dose angular distribution function. 


Figure 4.6 shows the variation in reduction factor L(d) with height 
above the contaminated plane. The curve goes to a valuc of one 
ot a height of 3 feet, corresponding to THE STANDARD POSITION. 


Figure 1-5 can also be employed for the configuration shown in 
Figure 4e7 below, where X may be considered equivalent to distance 


YY 
0 ὁ . 
κ * * * К / 
* κ «X 
= | x * Tu 
Си » 
Mox у ox κ A 


Figure 4.7 Isotropic Detector, Isotropic Circular Source 


* 





The response from the circular area of contamination can be 
considered as that írom the entire plane minus that from beyond 
the circular region: 


D = L(X) - LOX /cos0 max) 


where (X/cos0 max) is the slant radius of the circular region. 

In addition, Figure 4.7 can be used for the response of a detector 
from an infinite plane of contamination with a cleared circular 
area. If in Figure 4.7 the shaded area is considered as fallout 
and the asterisks the cleared area, the -esponse {5 


D = L(X /cos@ max) 


where again (X/cos0 max) is the slant radius of the cleared area. 
The function L is obtained directly from Figure 4.6. 
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L.2.V CHART l - Be(Xe) CURVE 


4.2. 


t: the relation between height in air and mass thickness {5 in- 
troduced, THE DETECTOR response for the configuration shown in 
Fieure &.3 can be written In the form: 


I 
Loo» | ў(х,созо) d (cos9) 
-i 


L(X) is the same function as L(d) except that distance from the 
source Is expressed in terms of the effective mass thickness. 


The curve of Be(X ), Chart 1 shows the variation in the reduction 
factor expressed 24 L(X) above as a function of mass thickness. 
The curve gocs to a value oí one at a mass thickness correspond- 
ing to a mass thickness of 3 feet of air. Note that the con- 
figuration shown with Chart l, Be(Xe) does not correspond to the 
configuration used in its derivation (Figure 4-3) but rather to 

a situation which пау arise in the analysis of the shielding 
characteristics of a structure. This will be typical of ali thc 
charts to be discussed, since it 1s necessary to apply the results 
of standard configurations to actual situations. 


4 CHART 1, B'o(X'g) CURVE 


The effectiveness of a barrier to radiation that has beea back 
scattcred can be found by employing the configuration shown in 


Figure 4.8. 





Figure 4.8 Isotropic Detector, Source Isotropic only in Directions 


Pointing away From the Detector 


The configuration sketched in Figure 4.8 shows a plane source 
emitting gamma rays isotropically in an upward direction into an 
infinite homogeneous medium. The detector is beiow the source 
plane, separated from it by an effective mass thickness X. 
Radiation can be backscattered to the detector, giving a response 
which can be calculated. А normalization to unity at X = O is 
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is convenient for use as a reduction factor in the applications» 
So that the resulting detector response is the ratio of the res- 
ponse at a given mass thickness to that at a mass thickness of 
zero. Chart !,B'o(X'o)eives the response function for this 
configuration. Again note that the sketch given with this curve 
does rot correspond exactly to the configuration used in the 
derivation of the curve, but rather to the situation for which the 
curve is used. B'o(X'o) Chart 1 is used to determine the barrier 
reduction factor for radiation from the wails of the story above 
the detector as reduced by the intermediate floor. 


4.2.5 CHART 10 


Calculations apply to the response of a detector with a conical 
collimator of solid angle. 


Саве 1 


This calculation applies to the reduction factor in & verticei 
shaft below a horizontal circular aperture, such as a skylight, 
which is covered with radioactive material. This value of 

Кр = 1 for w= 1 corresponds to a detector which is separate 
from the source by а barrier thickness equivalent to three 

feet of air (i.e. 0.23 PSF). This curve includes a skyshine con- 
tribution. 

Case 2 


This celculation &ppiies to the reduction factor in а horlzontal 
passageway leading from a vertical circular aperture. The vaiue 
Of Rp = 3 for w = 1 corresponds to a detector which is located 
in the vertical plane of the aperture and thus receives rađi- 
ation from & semi-infinite plane. 


Case 3 


This cəelculation applies to the reduction factor on a vertical 
shaft below & horizontal circuiar aperture which is not covered 
with radioactive material. The value of RgzC.l for vw =1 corre- 
sponds to a detector which is located in the horizontal plane 


and thus measures the total skyshine contribution. 
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4.2.6 CHART 2, Be(XeH); CHART 1, B4(X4) 


The efiectiveness of a vertical barrier can be determined using 
the configuration shown in Figure 4.10. Fallout radiation is 
assumed to be uniformly distributed over 3 semi-infinite half 
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Figure k.10 Isotropic Detector and Plane Isotropic Source: The 


— 


Radiation Field at Height d Above the Primary Source 
is taken as a New Source at a Penetration X to the 
Right of the Detector. 


plane. The detector is located a distance d above the contaminated 
plane and separated from the outside medium by a material.with 

mass thickness X. It is required to find the total response of the 
detector in this position. The angular distribution of radiation 
incident on a verticel wall is assumed to be the same as if the 
wall were not present. This distribution corresponds to a dis- 
tance d in air from an infinite plane source in a homogeneous 
medium, but with directions referred to a polar axis perpendicular 
to the vertical wall (i.e. parallel to the source plane). The 
spectrum incident on the wall is assumed to be that generated by 
the primary source on the ground; an integral over al! ohlique 
angles of incidence is made; and the radiation at each angle 15 
weighted according to theoretical data on oblique penetration. 

The result approximates the total detectcrresponse at a height d 
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above the source plane and with a mass thickness X of barrier 
materlal between detector and external barrier surface. Errors 

in this calculation arise from inaccuracies in the angular dis- 
tribution, changes in the incident spectrum as the scattered 
radiatlon component becomes more important, and incorrect 
correlation 3f spectrum with direction. In general, this function 
represents the vertical wall barrier reduction factor abcurately 
for d small,compared with a mean free path of the source radiation, 
in air,i.e. d< 1000 feet. 


Chart 2 presents the results obtained from this configuration with 
some modifications. The results shown in Chart 2 are normalized 

to the detector response at THE STANDARD detector location of 3 
feet; and the results are for a configuration which is symmetrical 
about a vertical line through the detector. The zero mass thick- 
ness line thus corresponds to the height chart given in Figure 46. 
The results for a height of 3 feet are shown in Chart 1, Bi(X4) curve. 
The results in Chart 2 give the barrler reduction factors relative 
to THE STANDARU and include the effects of air attenuation, 
collimation in air, and the effect of mass of the vertical barrier. 
The effect of collimation is included by accounting for the direct- 
ional distribution on the vertical wall as discussed above. 


k.2.7 CHART 1 3By'(X4) CURVE 


In the analysis of roof contributions, it is necessary to account 
for the effect of interior partitions. Since the radiation 

emerging from overhead mass has been collimated > 7 that mass, it 

is necessary to include an effect of this collimaticn in the barrier 
reduction factor for the interior partition. This ccilimation 
causes the interior partition (or vertical barrier) to be more 
effective than it would be if the radiation were not collimated. 


The barrier reduction factor for this case is found by considering 
the ratio of the total radiation impinging upon the vertical 
barrier to that emerging from it. 


Figure д.10 shows the typical standard configuration. The radiation 

which the detector receives relative to THE STANDARD is given by 

the curves of Chart 2. For the roof contribution however, the 
overhead mass thickness is replaced оу the equivalent distance d» 
opcained from the relation; 


d/X = 13.3 





discussed previously. This results in: 
Bi (Xj, d#13.3X,) 
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which is the response accounting for the effects of mass, at. 
tenuation, and collimation and is the ratio of the total radiation 
at the detector to that at THE STANDARD. However, the required 
barrler reduction factor is the ratio of the radiation inside to 
that outside. This latter value is simply the height chart, or 
to continue to use Chart 2, the value of 8, at zero mass thick- 
ness and a height d#13.3X,, that is 


B,(0,13.3X ) 


The ratio below, gives the total radiation inside to that outside: 
and is the effective barrier reduction factor for a vertical 
barrier for roof contributions: 


Rs Beha ask) 


B (0,13. 3X ў 
1 ο 


If this ratio is calculated for a range of Χρ and X, values it 
is found that for Χρ = 50psf the curves for various values of X; 
ere nearly vertical, suggesting that beyond 50 psf an increase 
in Xo does not significantly effect By. It is also determined 
that most of the change in this ratio occurs as Xj varies from 
О to 12 psf. As a result, one curve, for Χρ”50 psf, is adequate 
to account for the ratio gíven above and this value 


в{' (X) = B,(X,, 660)/8, (0,660) 
is shown in Chart 1 (B,'(X,) Curve. 


This barrier factor is used in the analysis of roof contributions 
as discussed in chapter 5, 


4.2.8 CHART 3 


Chart 3 presents curves of the solid angle fraction for the ranges 
of parameters indicated. These curves give the solid angle 
fraction subtended at a point detector by a rectangular area, and 
were calculated from the expression: 


e 
ий) = (2/4) tan 1 [< +e + 0 


4.2.9 CHART 4 


The introduction of the solid angle fraction permits evaluation 
of the effect of finite fields of contamination. Figure 4.11 
shows a circular area of fallout having its center directly 
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opposite a detector and separated by a layer of materlal of mass 
thickness X. The solid angle fraction defined by the circular 
area is = 1 - cos Q max 





Figure Д.11 Isotropic Detector, Isotropic Circular Source 


Chart 4 presents curves of the ratio of the response due to the 
circular disk to THE STANDARD. The barrier is assumed to be 
uniformly distributed between source and detector. The detector 
therefore receives both skyshine and radiation backscattered from 
the medium below. 


Note that the figure shown on Chart 4 is not exactly the con- 
figuration used in deriving the curves of the chart, but is shown 
for convenienze as typical of a roof configuretion. 


The linew=1 of Chart 4 is the height chart,Figuve 4.6 since a 
solid angle fraction 51.0 corresponds to an infinite plane of 
contamination. Since radiation backscattered from the medium 
below {5 considered in the derivation of this chart, the limiting 
value at@ =] and d*3 feet of air is 1.0. As the mass thickness 
of 3 feet of air (0.23 psf) canaot be distinguished from the 0 
psf line they can be considered identical for practical purposes. 


4.2.10 CHART 9 


In cases where the source has finite dimensions the barrier re. 
duction factor for the infinite source (Chart 2) is replaced by a 
reduced barrier reduction facto~ for wall-scatteced radiation. 
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This 1s discussed in greater dətail in chapter 5, 


The barrier reduction factor shown in Chart 9 foz wali-scattered 
radiation from finite sources is based oa unpublished calculations, 
in which the dose rate behind а wall due to unscattered incident 
radiation from semicircular sources was calcuiatcd. These seml- 
circles were concencric about a point at the base of the wall 
directly below the detector position on the wall. The results 
are a function οἵ the wall thickness ar? the solid angle Fraction 
€) subtended 5y the source. The effect of height on the berriec 
redu^tion factor 1s not important for the usual range of solid 
angle fractions. The extension of the curves of Chart 9 showa in 
this text beyond those given in the prior text, was carrled out 
using the 3 feet line of Chart 2. 

4.2.11 CHART 5 

4.2.il.1 Skyshine Case Gg 


In the analvsis of structures, it is necessary to account 
for the enount of radiation passing through the vertical 
walls above the detector plane. This is shown in ¿he sketch 
wita the Ga curve on Chart 5, 


The curve for Gq is obtained by considering the con- 
figuration shown in Figure 4.12. It is required to find 
the amount of skvshine radiation reaching the detector 





Είνατο 4.12 Conical Detector Pointed away fror a Plane isotropic 
Source 
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4.2.11.2 


through the upper cone defined by Q max. This angle is 
defined by a circular ares whose solid angle fraction 1s 


С) = | - cos Q max 


The basic data for skyshine radiation is obtained from the 
directional distribution functions given in Figure 4.5. 


The curve for G, yas obtained for the case where 4=0, that 
is, detector located on the source plane, The variation of 
Skyshine with height is not significant and is neglected. 
The value of 0.1 at&#=0 is the retio of the skyshine 
radiation to the total radiation received at a detector at 
a height of 3 feet. Although the curve was derived at d=0, 
it is used at all heights and is normalized with radiation 
received by THE STANDARD. 


In addition to the skyshine radiation reaching the detector 
directly, an additional effect is included in the G, curve 
of Chart 5; namely, a correction term to account for the 
radiation reflected from the ceiling. This correction 
factor is made a function of the upper solid angle in order 


to account for the relative location of the ceiling. 


Scattered Case Gs 


The factor, Gg, attempts to account for scattering of rad- 
iation by the walls. As only limited information is available 
on the wall scattering effect, it 1s necessary to approximate 
the distribution of scattered radiation. Since skyshine 15 
basically scattered radiation it is used to obtain the Gg 
curve shown in Chart 5. 


It is assumed that scattered radiation is symmetrical with 
respect to a horizontal plane through the detector position, 
so that the normalization is to 0.5 at @=0. 


Again it should be noted that the solid angle fractions 
utilized in the derivation of both the Gs and Gg curves were 
obtained from circular areas ,and that both curves are assumea 
to be insensitive to height. 


4.2.12 CHART 6 


Ground direct radiation as a function of solid angle fraction is 
obtained directly from the directional distribution curves given 
in Figure 4.5. “he only distinction between this case and that 
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of skvshine is that the region of interest is below the detector 
plane. Chart 6 presents curves of the ratio of ground direct 
radiation as a function of the indicated solid angle fraction at 
a given height,to that of the total radiation at that height. 
These curves‘were obtained directly from Figure 4.5 and by using 
circular solid angle fractions. 


The value of Gg at 3 feet and@=0 is 0.9 indicating that at the 
standard position, 0.9 of the total radiation is ground direct 
while 0.1 is skyshine. The vertical line atW=0 shows that, as 
the detector is moved away from the plane of contamination, the 
fraction of the total radiation which is ground direct decreases 
slightly; wht le it is assumed, in Chart 5, that the skyshine 
fraction of the total radiation does not vary. 


Chart 6 inclades only the effect of geometry aad does not account 
for attenuation of radiation due to height. This effect is in- 
cluded in the barrier reduction factor which is obtained from 
Chart 2. 


4.2.13 CHART 7 


The method of analysis discussed in the Chapter 3 stated that 

the system distinguishes between radiation which has been scatter- 
ed in the walls aad that which has not. The fraction of the 
emergent radiation that has been scattered in a wall barrier is 
shown as a function of mass thickness in Chart 7. If the mass 
thickness is zero, no radiation is scattered, while if the mass 
thickness is infinite all the radlation is scattered. 


Chart 7 was derived for the configuration shown in Figure 4.9. 
The ratio of the scattered radiation to the total radiation was 
determined as a function of the mass thickness separating the 
detector and source. As in all calculations performed to obtain 
the basic charts, the source was assumed to ре that of gamma rays 
emitted by fission products 1.12 hrs after fission. 


The sketch shown with this chart is not the configuration employed 
to obtain the curve but rather is illustrative of the use of Chart 
7 in actual applications. 


gus 
Í ! 


— 


i £ 
1 
d 


΄ 
ἃ 
` 


4.2.14 CHART 8 


The charts discussed above have, within the framework of the assump- 
tions, been obtained From schematization of certain basic con- 
‘figurations. Chart 8 however, is a curve introduced to account 
approximately for the shape of the building in the scatter geometry 
coatribution. It is obtained by assuming that the response at a 
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detector due to 2all-scatteted radiation is proportional to sing 
when # is the ahgle shown below. This is an approximation 


E 


of the directional distribution of radiation emerging from the 
wall. The wall-scattered response in a rectangular building is 
the sum of the геғээпѕеѕ from the walls, so that the shape factor: 


E = sin * sin ( x - 9) = sin¥+ cos # 


= (1 + tan# ) / secf- (1 + e/(1 + е2)* 


where e = ( W/L) 


This factor is plotted in Chart 8 and is utilized with the wall- 
scattered component as discussed in Chapter 3. 


ἐν .3 SUMMARY 


The discussion of the charts and their derivation in Section 4.2 
has been based upon the material presented in Reference 1. Table 4.3 
presents the correspondence between the charts presented in this 
chapter and contained in the OCDM Manual "Design and Review of Structures 
for Protection from Fallout Gamma Radiation" to the data and discussions 
contained in Reference 1. 


Columns (2), (3), and (4) of Table 4.3 present the notation, 
figure and discussion references from Reference l which have been 
utilized to obtain the charts indicated in Cclumn (1). The relation 
between the referenced figures and the charts is indicated in the 
comments, Columa (5). 


Table 4.3 can be used with the text of this chapter to obtain a 
more detailed discussion of the charts, including the mathematical 
derivations. 


4.4 REFERENCE 
1. Spencer, L. V., Structure Shielding Against Fallout Radiation 


From Nuclear Weapons, National Bureau of Standards Monograph 
42, l June 1952 
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TABLE he CORRESPONDENCE OF CHARTS TO DATA OF REF. 1 | { 


(1) (2) (3) (4) (5) 
CHART NUMBER FUNCTIONAL NOTATION FIGURE REFS. PAGE REFS. COMMENTS 
1. Case 1, and ЫХ), Eq (27.2) 28.1(a) and | P29, 28(1) 

Helgnt Chart | L(d) 28.2(a), (b) 






1 Case 23 


HAR 


qd See Chart 2 


1 Case 3 28.1(c) and | P29, 28(1) 


8: (X), Eq. (27.1) 


28.4 


2 W(X,d), Eq. (27.7) 28.1(e) and | P30, 28(6) | Normalize to 3 feet; 
28.7 2 x Fig (28.7), Symnetry 









«2 


т(є.7), Ед. (41.2) 





L (Xw), Eq. (27.8) | 28.8(a) and | P30, 28(7) 
5 28.9, 28.18 


28.13(b) and] P53, 28(12) 4-0, Normalize from Fig 
28.15, 28.3 28.3 to 0.1; Albedo correc- 
tion applied, A, 






5 G 5 (4,9), Eq. (27.13 







να 
e 


Same as above 






The results for Gg and G; í 


were obtained from the \ 
following expressions 


c, «0. 5[1- cria 28.15], d=0 
c 7 (1/526, [ira J, 4-0 


A "5 [0.10.26 Ἴ 


A. is a function of w 





kw 
K(H,cos0) diccs9) 





A(H,cos@0) d(cosQ) 






When n2. ratio becomes ; 
4(3,cos9) d(cos@) 


o 
im view of normalizatioa 
at 3' 













>), Eq. (27.5) and 


n (5) (X) 
(X) «P 
P(S)(x has (27.6), ^w 


P X) + PXS 


B= (1+e)/(1+e2)# 





28.1(d) and|P30, 28(4), 
(5) 








Special calculation 
See Text, par. 4.2.10 
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Chart 1, 


Chart Se 


Chart 6, 


Chart 7. 


Chart 8. 


Chart 9. 


Chart 10, 





А»5 CHARTS FOR THE DETAILED PROCEDURE 


Barrier Shielding Effects (Plane Sources) 
Wall Barrier Shielding Effects for Various Heights 
Solid Angle Fraction 


Reduction Factors for Combined Shielding Effects, 
Roof Contribution, Cç 


Directional Responses, Ground Contribution, Gg and Gg 
Directional Responses for Various Heights, Ga 


Fraction of Emergent Radiation Scattered in Wall 


Barrier, 5, 
Shape Factor for Wall-scattered Radiation, E 


Barrier Reduction Factors for Wallescattered Radiation 


for Limited Strip of Contamination 


Reduction factor for passageways and shafts 
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MAS" THICKNESS, X, psf 


Chart i. BARR'ER SHIELDING EFFECTS, PLANE ISOTROPIC SOURCES, 
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CHAPTER 5 
BASIC APPLICATION OF THE DFTAILED PROCIDURE 
5.1 INTRODUCTION 


The simplest cases to be analyzed by the detailed procedure con- 
sist of structures with rectangular floor plans, flat roofs, and with 
the detector located in the geometric center of the plan, Such struc- 
tures are referred to as block houses. The analysis procedure is to 
determine the roof contribution, C,, and the ground contribution, C,, 
separately; then cambine them to obtain the reduction factor. This? 
chapter presents the analysis procedure for tne determination of the 
reduction factor fcr these simple cases, 





5,2 COMBINING OR DIFFERENCING DIRECTIONAL RESPONSES 


In determining the directional response for either wall-scattered 
or non-wall-scattered radintion from a given wall, it is usually 
necessary to combine, or difference, the directional responses of 
more than one solid angle fraction. 


If, in Figure 5.1, Gg(uj) and Gg(uy) represent the directional 
responses for wall-scattered radiation reaching the detector from 
that portion of the wall respectively above and below the detector, 
then the total response for well-scattered radiatior from this wall 
is Gelu) + Ge(or), This is termed the combined response for wall- 
scattered radiation. 


Similarly the combined response for non-well-scattered radiation . 

in this case would be Gq(wr,Ha4) + (4(u,). . 
Figure 5.2 illustrates a two story structure having 

one story below grade with the detector located in the 

“ower story In this case the total response for wall-scattered 

radiation through the walls of the upper story is the differenced 

response for solid angle fractions ш} and uj, i.e. G,(@t) - Gg(4y). 

The total response for non-wajl-scattered radiation From this wall 

is the differenced response for skyshine only, Ga(w") - Ga(uj). 


5,3 PROCIDURE FOR EXAMPLE PROBLEMS 

The example problems in this chapter use the same format. A 
similar procedure should be used by the analyst until he is thorovgh- 
ly familiar with the systems of analysis. The procedure used here is: 


l. Prepare а clear, single line sketch of the structure, pre- 
ferably {ο scale, 





e 


>e Sketch in the applicable solid angle fractions. 
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3, Write the appropriate functional expressions. 


4. Fill in the “score box", This is nothing more than a book- 
keeping aid. 


5, Evaluate the functional expressions to obtain the roof and 
ground contributions, 


With more complex structures it is necessary to include the use 
of fictitious buildings and sector analysis in this procedure (dis- 
cussed: paragraph 5.7 and 5,10)but the basic technique remains the 
sane. 


5.4 ROOF CONTRIBUTION, SIMPLE RECTANGULAR ROOFS 


The roof contribution fre а simple rectangular roof is a function 
of only two parameters: the solid angle fraction which measures the 
size of the roof, or contributing contaminated plane as seen by the 
detector, and the total overhead mass, Xos which determines the 
barrier effect of the roof, If these two parameters are determined, 
the roof contribution can be »ead directly from chart 4. Then more 
than one horizontal overhead barrier exists, the mass thickness, Xos 
is the sum of these mass thiclmesses. Thus in Гхатр1е 5.2, Figure 
5,2, the mass thickness, Xo, is 150 psf, 


Lxample 5.1 illustrates this procedure for a simple roof, Note 
that chart 4 gives only the roof contribution fran a circular or 
rectangular roof to a detector located beneath the geonetric center 
of the roof, Thus ail roof contributions must be found in terms of 
a circular or rectangular roof symmetrical about the detector. 


5.5 GROUND CONTRIBUTION, SIMPLE RECTANGULAR BUILDING 
5 „5.1 ADJACENT WALL CASE 


Figure 5.1 represents a simple rectangular tilding. The ground 
contribution is determined by writing the appropriate functional 
expression and then evaluating this expression using the charts 
in Chapter 4. To write the furctional expression, it is first 
necessary to define the solid angle fractions which will deter- 
mine the geometry terms, in this сазе Q, and QI, 

The wall scattered component is the combined response Gg(u) 1 
Galo). The non-wall-scattered component is Ga(or,Ha) + Gah) 
The factors for the fractional portion of the exergent radiation 
which has been wall-scattered, S,(:4) and non-wall-scattered, 
(1-3, (*,)), and the shape factor, de) , are then applied; the 
resulting geometry reductior factor for ground contribuiion is; 


ᾱς 7 (сасон) + αμ(ωι)] [1-βμί-ω] + [c (o) NC Л] Sy(Xe) Ete) 
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When the barrier factor for the exterior wall is introduced, the 
functional expression becomes: Cg = Gç Be(XesH) 


= (обор) + cala] B-5,09] + Kasl + лад] s 097(90J Pee 


This type of problem is illustrated in Example 5.1, 
5.5.2 STORY ABOVE THE DETECTOR 


Figure 5,2 illustrates a basement detector location with the 
basement walls fully buiied. In such cases, the only significant 
ground contribution is through the walls of the first story. It 
is possible for some radiation to reach the deiector through the 
basement wall by first passing through the earth adjacent to this 
wall; however, this radiation is of importance only when the fall- 
out piles up against the wall. In most cases, radiation through 
basenent walls need be considered only when that wall is partially 
exposed above grade (See paragraph 5.5.3). 


The solid angle fractions needed to define the limits of the first 
story wall are shown in Figure 5 ο. The functional expression із 
written with the net wall-scattered and non-wall-scattered com- 
ponents being the differenced, responses for w} and Gy. S.(Xe 
and Z(e) are determined by the mass thickness and shape of the 
first story well. 


As all radiation coming through the first story wall must pass 
through both the wall ага the floor slab there are two barrier 
factors: Be(Xe,H), which accounts for the barrier attenuation 

of the first story wall and is read from chart 2, and BY(X$), 
which correspoz?s to the floor slab and із read from B'c(X'o)eurve 
chart 1. Note that the barrier factor for the first floor slab, 
Б, is a function only of the single pa: ameter of the mass thick- 
ness of that slab, 20, 


The final functional expression is: 
ος *[[Gs (ən) -a, (o) Ts costo + [е (о-о ӘД а-ә) восен) вас) 
: z = و‎ CREO و‎ 
Geaisetry Factor Barrier Factors 


The non-wall-scatter radiation in this case consists entirely cf 
skyshine as it originates above the plan? of the detector. 


Example 5,2 illustrates this procedure. 









Detector 


1! 

Plane 
3! 
—7 — νὰ > 


Figure δο]. 


Given: Structure shown in Figure 5.1 with centrally located detector. 
Length = 801 
Width = 60° 
Mass Thickness: X, = 100 psf 
X = 80 psf 


— — — — ——— —— — — eee a 


WoL Z U/L n=22/L Chest 3 Chart? 5  Chart36 лаг 











o, 60 80 7 .75 «175 «81 «20 „952 — 
oL 60 80 3! „75 0075 «92 ‚092 -rn ‚35 





— ы аа —— а — — —— — — — — — — — — — — 


ϑμίχο; = S,(100psf) = .73 (chart 7 ; E(e) = E(.75) = 1.4(Chart €) 


— — 





Be(XesH) = Е,.(100рз?, 3' ) = .095 (Chart 2) 

Ground Contribution: 

ος [сабот ау + cala] [1-549] + Б) + 0802] s EGO] Bol got) 
- [(.3 + 952) (1-. 2) + (.092 + 120) (.73) 1.4] (095) «0.038 

Roof Contritution : 

Co = Co(u,, X9) = CQ (.£1,80psf) = .036 (Chart 4) 

Rr = Co + Cg «035 +.038 = „073 


δρα su 6M 


Re s 073 
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Detector 
Plane 


Figure 5.2 


Given: Structure shown in Figure 5.2 


Detector is centrally located in basement 
Length = 110 feet 

Width = 90 fert 

Mass Thickness: X, = 70 psf 


X; = 50 psf 
Xroof = 100 psf 


9 πα Ga 
N L Z σι  ne22/L Chart 3 “Cha 5 “hat 5. 


wt 90 110 24 «62 ohh .50 .33 .079 
ш 90 DO 10 .8 16 “2 «19 «05 





S. (Ze) = Sy(7Opsf) = .66 (Chart 7) (e) = F(.82) - 1.11 (Chart 8) 


В,(Хе,Н) = Ba(70psf,2') = -18(Char. 2) H. taken ав 3! for basement 
савес. 
ВИД) = B}(SOpsf) = «0.2{8λ(Χἑ} Curve. chart 1) 














| 
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t 
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Example 5,2 (Continaed) 


Ground Contribution: In this case the non-wall-scattered radiation 
consists entirely of skyshine radiation as it all originates abc.e 
the detector plane, Any radiation which might come through the earth 
adjacent to the basement wall is ignored. 


ος =Í [sa (a) - в) [1-569] [8s (9. - Θα(ωμ) JEBB) 
á [(.079 ~ .05)(1-.66) + (33 - 19) (666) (1.41)](18 )(.062) = .0016 


Roof Contribution: The total overhead mass thickness, Xo, is the sum 
of the nass thicknesses of the roof and ground floor slab or 150 psf. 
The solid angle fraction subtended by the contaminated roof is ш}, 


Co 3 Co (35, X9) = Co( 60, l50psf) = «0056 (Chart u } 


Re = Co + Cg = 60055 + . 0016 = 20072 


а a œ аә Фә аә — ов ә еә чә аә — — — — — — — — — == — — — — — — 


592932 PARTIALLY EXPOSED BASEMENTS 


As the exposure of a basement wall increases, the magnitude of 
the ground contribution through that wall increases rapidly in 
comparison to that through the first story wall. This is pri- 
marily due to attenuation of the first story contribution by the 
floor slab, The functional expression for ground contribution 
through basement walls is similar to that for tae contribution 
of first story walls to a basement detector,except that no 
barrier factor appears for the floor slab. The total ground 
contribution is the sum of that the contributions through the 
first story walls and the basausent walls, Example 5.3 illus- 
trates the case of the partially exposed basement wall. 


2.5.4, STORY ВІО THO DETECTOR 


Then a detectc^ is located on an upper floor of a nulti-storied 
building, the ground contribution through the walls of the story 
below the detector must be considered. This is especially true 
if the floors are thin or if the walls of uct story contain а 
high percentage of apertures. 


The functional expression for this саза is illustrated in "xample 


54. Note that all non-wall-scattered radiation is ground direct 
radiation as it originates ielow the detector plane. Again there 
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are two separate barricr factors; one for the exterior wall, 
Be(Xe,H) and a second for the floor beneath the detector, Bf(Xf). 
The floor barrier factor is obtained from Bf (Xf), Chart 1, with 
Xf as the only parameter. 
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EXAMPLE 542 
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- Wu 
12! 
g! س‎ Wu —. 
wey Wa = — 
T | 3e Detoctor 
^ —— A — 

e ор — — — — Plane‏ ا 

3t x X 


Given: Structure shown in ligure 5.3 
Detector is centrally located in the basent 
Length = 100 feet 
Width = 50 feet 


Mass Thicknesse:: X, 7 20 psf (first story) 











° 
Te 100 psf (baseuent) 
“ὁ πο psf 
“roor 7 100 psf 
неее ы дылын a 
M E 1o eL ΠΡ. “зт 3 chart ο chart 5 
a, 50 100 23 „50 e “^2 ‚39 ‚о 
et 50 100 1 50 т 9. ©“ 2069 
e 52 100 3 .50 P „91 «10 ,079 














Example 5,3 (Continued) 


Ground Contribution: The cortribution through the basement walls and 
the first story walls must be determined separately, then combined 
for the total ground contribution. 


Basement walls: 
се = 090) -о 0] р, ° [e (99) -Cala leE) ] вх) 
Sele) = 5,(100 psf) = 0,73 (Chest 7) 
E(e) = 2(,5) = 1,34 (Chart 8) 
Po (ZesE) = Be(100 psf,3') = „0% 
Cg -[ («069 - .029)(1-.73) + (.28 - .10)(.73)(1.3һ)](.о98)= ‚ 0177 
First Story Walls; 


ος [o 2-3 p] [з,с] + [55689-6569] sont] в (z нуво) 


579) = S,(SOpsf) = .69 (Char: 7) 
В.(Хе,Н) = B,(S0psf, 3' ; = .15 (Chart 2) 
BA) = BE(SOpsf) = «Οἱ (врх) curve, Char: 1) 


бє = [(-0% -.0%9)(1-.59) + (639-628) (669) (1.34) ] (-15)(.04) = 00064 
Total ground contribution = .00064 + «ΟΤΙ = « 0183 

Roof Contribution: 

do" ssp xg = 100+ 00 = 100 psf un = 


Jo (un ο) = CQ(.47, ló0paf) = 200l 


` 2022 
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EXAMPLE 5.4 






Detector 


Plane 
Sixth 
Story 


Ha 


Figure 5.4 


Given: Stricture shown in Figure 5,4 
Detecior is centrally located on the sixth story 


Length = 100° 
Width = 75! 
Mass thickness: X, = 80 paf all stories 
Xj = 60 psf 
X, = 60 psf 
t1 Р Xo = X, + X4 = 150 psf 
Xr = 90 psf 
s т Gi o 
wg 75 100! 17' .75 «3 «26 429 „072 — 
ш 75! 100: 7' ,75 αι 85 alos 045 € 
шр 75" 100' 3° .75 «Οζ «93 «08 ---- "Οἱ 
er 75° 100' 13' „75 Price š T et ----- «32 
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S (X.) = S, (BOpsf) = „69 (Chart 7) 
E(e) = E(.75) = 1.40 (Chart 8) X 


Ground Contributions 


a, Sixth story 
Cg "(I orn) + 0.0] [1-5„(хь)]+ [βαίωι) + eso] si oC] Bg C, 
B (Xe, H) - Βρίϑ0ρ8ΐ, $3') = 065 (Chart 2) 


Cg = [οι + «οἱ5)(1-.69) + (4165 + .08)(.69) 1.1) ] (.065)= 20270 


b, Fifth story. Note that all non-wall-scattered radiation is 
ground direct radiation. 


ος ваба) - oar sse] Коб) о ә] SEDE 
{з ве) 
Be(XesH) = Be(30psf, 53) = «065 (Chat 2) 
Be(X) = Be(SOpsf) = .062 (Case 1, Chart 1) 
ος = [532 -.οὐγί1-.ὁ9) + (.26-.08)(.60) (164)] (063 (062) = «00105 


Ce Seventh story. All non-wall-scattered radiation in sky- 
shine radiat/on, 


ος -{[2ε(ωϊ) - Ga] [1-509] + Fs C08 ]5, 980789 CS 82 (10) 
Be(XgsH) = Be(80psf, 53^) = .065 (Chart 2) 
BL) = BE(SOpsf) = 005 (Bi(X5) Curve chart 1) 

Cg ë [(.072-.045) (1-.69) * (-29-.165)(.69) 1.4) | (.065)(chs) = .00038 

Total Ground Contribution: 

Cg = «0110: «001021 .00038 = .01б% 


Poof Contrit tions 


Xo = 150psf a, = „66 
C, = Coll Xo) = Col-68, 150psf) = „0055 
Rp = Co + - 0055 + ,018& = .οοἱι 
Pp» 1 + 1 а 
: Ὅτ 








2.0 LUTZPIOR P/DTITTO;IS 
5 0.1 EFFECT ON GROUND CONTRIBUTIONS 


The presence of an interior partition nay have considerable in- 
fluence on the reduction factor, depending on its таза thickness 
and extent, ile the presence cf such a partition will affect 
both the geaaetry and ihe barrier reduction factors, only the 
barrier effec'3 are considered. The difference in geometry effects 
between parallel (to the exterior wall) and perpendicular parti- 
tions is ignored partly due to the uncertainty of these effects 

and partly because of the complications they would introduce into 
the calculations, Ап interior partition barrier reduction factor, 
B4(X,,3!') is applied to radiation which passes through the interior 
partition, The path of radiation within a structure is represent- 
ed by straight lines drawn from the exterior walls to the detector. 
The procedure is to work the problem as if the interior vartition 
did not exist, then apply the barrier reduction factor obtained 
from chart 2 for a height of three feet. Three foot nc ght is 
always used because, tne height above the contaminated plave was 
considered in determining the basic exterior wall barrier factor. 


Then more than one partition exists between the detector and the 
source, the mass thicknesses are added and a single interior 
partition barrier factor is determined. Thus the barrier re- 
duction factor for tnree successive 25 psf partitions would he 
B (75psf,3!). 


5.0.2  XFFECT ON ROOF CONTRIBUTION 


AS Statoi in the paragraph 5.0.1, radiation which passes through 
an interior partition will be attenuated by that partition. The 
principle problem with roof contribution is not in finding the 
barrier reduction factor Mt in determining what portion of the 
reef contribution is affected by this partition. Figure 5,5 
illustrates the ideal case of а core shelter, or а оох within г 
box. The only radiation from the roof affected by the partition 
is that which originates outside ihe core, on the peripheral 
roof area, The core roof cortribution and the peripheral roof 
contribution must be determined separately and the interior 
partition barrier reiuction factor applied only; to the peripheral 
contribution. If C (ùo) is the roof contribution from the 
total roof area, ignoring the interior partiiion, and C (4h, ο) 
is the roof cortrib:tio: from the соге roof only; then the 
difference, Colaso) - Coffe‘), is the peripheral roof con ri- 
bution before application of the partition barrier ге! с}! ion 
factor. The total roof contribution is: 


= * 
Co = ως το) 5 1Cyl X.) - C (ot, ] BEC) 
— — — — 


Согу Contribution Peripheral Contribution 
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The interior iticn barrier reduction factor for roof contri- 
bution, B!(X;) is obtained fram a separate curve, Chart 1.8, (X. ) 
(refer to paragraph!, ,2,7), This factor is different from the 
ono used for interior partitions for ground contribution, 
B,(X,,3'), and the two must поё be interchanged. There are three 
inportant considerations in differencing roof contributions: 





l. The terms being differenced must be functions of the same 
value of X. 


2, The solid angle fractions mst bs functions of the same 7 
distance, 





3. Zach value selected from char? 4 is representative of the 
roof cortribution frou a circular or rectangular area 
SYMMETPICAL about the detector. 


These three conditions must always be . :tísfied when differencing 
roof contributions. 


Ёхапр1е 5.6 illictvates another use of tls differencing technique 
for roof contribution. 


w -— Doc amr τον D UD am VD an که‎ ою өп که‎ Gn cm جه هه‎ mo ج که مھ که‎ VB کر‎ UD Oe p на ۵ θα 


EXAMPLE 5.5 


— <... سے کر‎ OR ت‎ "P On ao P9 p πω ED т ARD 


| 





Section 


| Fipure 5.5 


givens Structure sho:m in Figure 5.5 


Nass Thicknesses: τ, = 190psf X. = ΙΟ p X. = E2 psf 


ut 


5-12 











i 


Ground Coniribution: This is the same structure used in Example 5,1 
with the addition of a 40 psf interior partition. The only chauge 
in the ground contribution is the inclusion of ^ barrier reduction 
factor By(X;,3') for the interior partitic.. 


Cg = 8ο" Bi (11 21) 

GB, = «038 (ample 5,1) 

By (4,3!) = B,(40psf,3!) = .38 (Chart 2) 
C, = .038 х .38 = „0145 


Roof Contribution: It is necessary to distinquish between the соге 
roof contribution and the peripheral roof contribution,as only the 
latter is influenced by the interior partition. This is done by 

differencing the roof contribution as ciscussed in paragraph 5,0,2, 


id r t ap 
б = бб.) + [eo - oz] B (x) 





ω Со 

МО L Z οκ r-22/L Chart : X Chart | 
ω, 60 8C 7! οὖ» «18 «81. 80 2035 
о 20 30 7 ἐγ 1.7 54 80 .030 








B; (X4) = Bi(A0psf) = .26 Chart 1, Bi(X,) Curve 
Со = .020 + [.035 - .030] «26 = .031 
Re = Co + Cg = 2031 + |0115= 00455 
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5,1 AZIMUTHAL SECTORS 


The buildines discussed in the preceeding paragraphs have been 
block houses with only one type of wall construction. As few real 
buildings fall into this category, the radiation arriving at a de- 
tector fram two different directions may have passed through barriers 
of quite a different nature. Further, all detector positions will 
not be the center of a rectangular area and thus geometry factors 
may vary from wall το wall within a building. It, therefore, is 
usually necessary to separately analyze the different sectors of an 
actual building. Thais is done by using czimuthal sectors. 


Consider a detector location in the middle of a block house. If 
it is assumed the ground contribution through each degree of azimuth 
about the detector is equal, then the ground contribution through any 
given wall will be directly proportional to the plane angle subtend- 
ed by that wali at the detector, ‘The portion of a circle represent- 


cd ty that angle is the azimuthal sector of that wall, Гхргеззей as 
an equation: * 


A, = The plane angle subtended 
360* 
The use of azimuthal sectors is discussed in paragraphs 5,? and 
5.10, and is illustrated in Examples 5.9 through 5.11. 


5.2 005 AD DOORLHYS 
5 9 e ° 1 απ ШАП, 


The contribution through windows and doorways may be a large 
fraction of the total ground contribution, The contributions 
through these apertures rust be determined, and the contribution 
through ihe adjacent solid walls must be adjusted to reflect the 
presence of the apertures. This is done by considering two 
separate tuildings, each with the sane size and shape as the 
actual building, but one with solid wall construction throughout 
and the otner composed entirely of glass. The ground contribu- 
tior fran the analysis of these two buildings is weighteu ly the 
actual amount of aperture anc solid wall present. The location 
of the aperture is lso considered, as this determines the nature 
and magnitude of the radiation which reaches the detector. ἡ 
detector located above the sill of an aperture will receivs both 
ground direct and sivshine radiation through that aperture while 
a detector at or below sil. level will receive only sxyshine 
radiation through the aperture, For convenience, apert: es are 
normally considered to have a mass thicimess of zero. 








EXAMPIE 5.6 





Figure 5,6a "igure 5.60 


Given: Underground Arch shown in Figure 2.68 
Length = 40 ft 
Mass Thickiess: U = 120рз? 
tyU = 1,0 x 120 = 120ραϊ 
Х = toU = 1,5 x 120 = 16058} 
X5 t4U = 2.5 x 120 = 300psf 


" 


Xo 


"u 


u 


Using these values of mass thickness,the arch is equated to an 
idealized flat roofed structure as shown in Figure 5 b, ‘ 


iof Contribution: Гог clarity, the roof contribution is determined 
in three steps. C, corresponds to the roof contribution through 
nass thickness Σο, Cf to that through X$ and C, through 1%. 











—F 


E e/L τορι ω 








о, 4 10 10 10 .5 li 
ων 2 40 10 220 «50 020 
ως 17 LO 10 ο 30 ° 50 ° 30 








Co = Colosio) = Co(,D,120psf) = «0035 


+ 





— 


©) = Cot) - C (09,73) = C.(.20,180psf) ~ C (.11,1eOpsf)=.0017-.001' 


Со = Όρίωον Ὁ) = Coleg) = C (.30,250psf) - C.(.20,250psf) =.000L9- . 0004 
= .O00009 
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Ixample 546 (Continued) 
Total Roof Contribution: = .0035 + .0006 + .00009 = .00h2 


As there is no ground contribution Rp = ‚оор 


Poe 1 = l = 238 
f Б Lond 3 
Ee .οοὐρ 
In this solution it is assumed no significant radiati.n enters the 
structure from beyond Wl, Examination of the magnitude of CU indicates 
this is a reasonable assimption. Notice in each case of differericing 


roof contributions,the nass thicknesses were the same for each term 
and the Z distances the same for both solid angle fractions, 


= = w we = = = m ae eee == wwe ә — — — «Ὃ — — — же  ” = — — — 


5.5.2 STORY OF THE DETECTOR 


In Figure 5.7, the detector is on an upper floor of a multi- 
storied building with apertures. It is convenient to analyze a 
wall of this type in successive horizontal strips. Tn this way, 
the ground contribuion through the solid strips below and above 
the windows can be determined as previously discussed, The strip 
containing the windows is analyzed first as a solid strip, then 
as a continuous window. The former is weighted by the decimal 
fraction of solid wall within that strip, (1-P,), and the latter 
by the fraction of apertures, P, (when P, is the perimeter ratio 
of apertures). The functional equations for ground contribution 
through this wall are: 


5,8,2.1 Solid Well Belew Windows 

Cg =f Gg (or) S Ug) Eo) *[e, (отн) [1-5 (х„)]}в„б,н) 
5.8.2.2 Solid Vall Above Windows _ 

ὃς =f [Es (4y)-Gq(a)] WEDE + Eau) a) ] B3, (Xe) ен) 
5.6.2.3 Solid Wall Between Andove 


E Essa] ate ЗЕ, 940,0 (1-δ.) 
хс(е 


5.8.2.4 Total Solid Wall - By collecting ¿ll terms for solid wall 
contributions, one functioral expression can be written: 


Св АСАТ й сае) Раа, (4) ] [1-αμίτω] . Ealer) М 
0“, )-Pa (24) S (X.)E(e) } B (z H) 
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5.8.2.5 Windows 
0 „1.0 
Cg = {зе + о, [ios 7] 0, (0,9, 


ος = [G, (wg) ] B„(0,H)Pa 


In paragraph 5.6.2.5, note that the value of δι, = O (for zero 
mass thickness) causes the equation to reduce to the final 
form wherein only skyshine is considered, The barrier re- 
duction factor, B,(0,H), is not 1.9 except in the special 
case of H = 3 feet, 


This procedure is applicable for windows with sills and tops 
at the same height spaced nore or less evenly about the peri- 
meter of the building. For isolated windows or for windows 
with uneven spacing, the azimuthal sector of apertures, ἦζα, 
Should be substituted for P4. 


5.0.3 AD'ACINT STORIES 


When considering adjacent stories,the actual location of *he 
apertures is of less importance, and only the extent or percentage 
of apertures is considered, This percentage, expressed as a 
decimal fraction is defined as: 


Ap = Area of Apertures 
Area of Wal? 


in Figure 5.7, it is required to find the ground contribution 
through the wall of the story below the detector, The analysis 
is performed first for a solid wall, then for à wall composed 
completely of apertures, the results being weighted by ihe 
appropriate value of (1-Ар) and Ap, The functional expressions 
are: 
5.0.3.1 Solid all 
(p fa] Y т ` А ` ` J ^ ` 
° =} [eerca] 5,,(xa) (6) [ga (ot на) - Gap] 2-3, } 
fs Cup (Zp) 0-3] 
5.^.2.2 `lindows 
ὃς = сасын) -о борона) } 2400,03, (у) ip 
Again the aperture term contains only nom-wall-scattered 


radiation. The anelysis of a stricture wi.3 apertures is 
illustrated in Lxxnple 5.7. 
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EXAMPLE 5,7 


Given: Structure show: in Figure 5.7 


Width = 75" 

Length = 100! 

Mass Thicknesses: X, = COpsf all stories 
2 60psf 
Χρ = JOpsf 
XQ 7 l50psf 


Apertures 3' wide by 4" high on 6' centers. Sill. height = 
3° above floor. 


This is the same structure used in Example 5,4 with the inclusion of 
apertures. The "score box" with w, added is repeated here for con- 
venience, 











Example 5,7 (Continued) 














W L Z οι n=2Z/L Chart 2 chart 5 Chart 5 Chart 6 

wt 75! 100! 17! .75 «δι „68 ‚29 „072 — 
Q, 75! 100! 7' .75 .Щ „85 «165 0045 --- 
әр 75" 100! 3" .75  .06 «93 «08 — Οἱ, 
wt 75" 100! 13! .75 «26 «73 «26 --- «32 
ὦ, 75% 100! 4° .75 «08 .91 «105 „029 — 
50а) = S,(80psf) = „69 (Chart 7) 

(е) = τ(.75) = 1.40 (Chart 8) 


Ground Contribution: 
а. Sixth story 
Solid Wall Contribution 
Cy -f ORN + G, (o.)-P G, CA) EAE 
[c, (о) x ᾱ (ο )-Σισαίω,)]}9.(-ῳτίο) Jn C... 


B G H) =B e (Ops? ,93') = «65 (Chart 7} 


κά 
Pa for 3! window on ú! centers = 3/ = .5 


Cy = [Co + .045-,5 x „029)(1-.59) + (.02 + .165-.5 x 3051 (469) (1ο) ] (.065) 


= 0l 
Aperture Contribution 
"cr ata (wy (OH) 
2(0) D4(0,53*) = -59 (Chart 2) 


Cg = ολ 1 = 0915 


Total Ground contribution, Sixth story =.0072 + .0135 7 e 0208 





Ixample 5.7 (Contirued) 
b. Fifth stozy 
Solid Vall Contribution 
Cy = { сев вг) (1-4ρ) 
Αρ = Area of Windows = 3 x, = e2 
Ἐπ of Wall Z x Id 
(αρ = -00205 (Example 5.4 
ος = F-00105} (1-62) =  . 00094 
Aperture Contribution 
ος = [G4 (918-040, ] Ap Be(0,8) 3, (X,) 
B (O,H) = B,(053') = .5 (Chart 2) 

Cg = (+32 -.0,)(.20)(.52)(.062) = .00173 
Total fifth story contribution = -00C84 + .00173 = .0026 
c. Seventh story 
Solid Wall Contribution 
e, = { GB BY} (1-A,) 

{ GB B= 00034 (Sxample 5.4) 
Ce = (400023) (1-.2) = .00027 
Aperture Contribution 
ὃς” Ы о] A, 8,0, вт) 

B (0, H) = B, (9, 53') = «2 

BGC) = BECCOpst} = ous 
Cg τ («072 -.045)(.2)(.5 ) (005) = „00022 


Total contribution,seventh story» „ 00007 + .00012 = . 00039 
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Example 5 .7 (Continued) 
d, Total Ground Contribution -.0208 4.0026 + .00039 = ,0238 


Roof Contribution: There is no change in the roof contribution from 
Example Sele 
Со = 40056 


Re = C, + б = „02056 + . 0238 2 - 0294 


Pe =_1_ = 1 = 3 
BR. ЕТШ 
Comparing this result with Sample 5.4, the effect of the windows is 
to reduce the Pp from l2 to 3k or about 19$. 


5.98 PASSAGZMAYS AND SHAFTS 


Contribution through a horizontal passageway or vertical shaft 
can be calculated by the procedures discussed in these пага < 
graphs; however, this calculation is frequently complicated by оле 
or more turns in the passageway between the opening and the shelter 
area, Then these turns exist, the contribution is first determined 
at a point common to the center lines of the first and second legs of 
the passageway. For subsequent changes of direction, the solid angle 
fractions are used directly as multiplier, since the directional 
response in these cases is not well defined, Experimental results 
indicate that the solid angle fraction subtended by a detector in the 
second lsg of an I-shaped corridor should be reduced by a factor of 
0.2 to account for diffusion of the radiation as it scatters wound 
the first right angle turn. In subsequent tums the solid angle 
fraction should be reduced by a factor of 0.5 (note that solid angie 
Тгастіо: 72.5 is a solid angle fraction of a sphere). “xemple 5.5 
illustrates this procedure for one right angle turn. Рог the special 
case of the aecontaminated skylight the contribution at point 1 is 
determined from Tabie 8.16 or сап be computed from Chart 10 for а mass 
thickness cf zero. 

5.10 FICTITIOUS BUILDINGS 


5.10.1 GENERAL 


The systems of analysis presented in this seciion are based on 
determining the response cf a detector in а blockhouse symnetri- 
cal about the detector. For this reason, before the contrib. 
tion through any section of a real building can be determined, 
that section mist be incorporated into the walls or roof of a 
blockhouse symmetrical about the detector, These blockhouses 
are called fictitious buildings and are used extensively vith 
this mysten of analysis. A fictitiovs building must; 


5-21 


EXAMPLE 5.8 
Ореп Shaft 





Section Plan 
Figure 5,8 


Given: Detector location in a mine as snown im Figure 5.8. 





ч L Z FWL τερζ/ι. ΤΗΝ 


шу 10 10 15 1.0 3.0 06 


ш, 10 10 10 1.0 2.0 «13 

It is assumed the only radiation reaching point 2 comes through the 
open shaft, The contribution through the shaft opening is the same 
as that for a decontaminated skylight and may be obtained from Table 
8.1... 

Rea * (Re) (o5) 2) 

Rf] = .0025 (Chart 10 for wy = οὉύ) 

Reo = (.0025)(.13)(.20) = .000065 


Pee l = 1  — "15,500 


< < = = = — we — w < o < — ο o  - = < < < — =< < چ‎ — — — — = — 





a. Have the same type construction as the real section being 
analyzed, 


b, Be symmetrical about the detector. 


Ce When superimposed over the actual building, coincide with 
the walls or roof being analyzed. 


A simple procedure can L2 used to determine the size and shapes 

of the fictitious buildings needed to analyze any section of a 
real building, If lines are drawn through the detector parallel 
to the exterior walls (ог limits of the roof area), the perpendi- 
cular distances from these lines to the walls are the half lengths 
end half widths of the required fictitious buildings. 


5.10.2 ROOF CONTRIBUTIONS 


There are four complications in roof provlems which require the 
use of fictitious buildings: 


a. The mass thickness varies in different parts of the roof. 
b, The detector is unsymmetrically located. 

ce The roof symmetry is destroyed by interior partitions, 

d. Апу cambinaticn of the above. 


Example 5.9 illustrates the use of fictitious buildings for roof 
contributions, Notice that the contribution from each roo? is 
found by creating a fictitious roof which includes the actual 
roof, subtracting а core contrioution when appropriate, and then 
taking a proportional part (either 1/3,1/2, or 3/4) of the re- 
sult, 


5.10.3 GROUND CONTRIBUTION 


The first step in determining the ground contribution is to de 
cide which sectors must be analyzed separately, when doin’ 
tnis, it is advisable to ignore minor variations in mass thick- 
ness and cmetry. The separate sectors sre then grouped so 
those wich the same masa thickness and whica may be included in 
one fictitious building, can be analyzed at the same time. If 
it is possible to include a wail as part of nore than cre fis- 
titious building, the wall should be i-cluded in the fictitious 
building with the highest eccentricity ratio, that is, nearest 
to а square. ample 5.9 illustrates thse ise of fictitious 
buildings. 
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EXAMÍPEE 5,9 





Plan Section 
Figure 59а 


Givens Off center detecter location shown in Figure 5.9 


Nass Thickness: X, - s.^wn in Figure 5.9 


X, = 100 psf 
Ground Contribwtion: 
Figures 5,9b and 5,9cillustrate the fictitious buildings required to 
cetemine the ground co..ribution,  Azimuthal sector Азз, has been 
included in building Yo, 2 to reduce the number of calctlations. 





Xe = 60 psf 
lo! / 
цо" Az 
ho! 
Plan Section 
Figure 5.9b 


Fictitious Building No. ] 
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= ) Example 549 (Continued) 
Fictitious Building No. 1 


WE Ze W/L re27/L Chart .2 Chart 5 Chart. 5 Chart ὁ 














© 40 80 8° 50 „о ο «26 «065 ---- 

Oy 40 80 3! «50 «075 „89 0.125 — “^3 

SX.) = 5, (60paf) = «63 (Chart 7) 
(е) = E(,50) = 1.34 (Chart £) i 
BQ(X,,H) = Be(60psf, 3' ) = 24 (Chart 2) 


Δαι = 243°/360° = „67 


Cg CCEA, + 8,0] 2-5, + [о + Gy ϑμ(χο)Ξ(ο)]Βο(ΧονΒ) А, 
= [0.43 + .065)(1-.63) + (.125 + .26)(.63)(1.31]0.28)(.67) =.082 


* * - ә э @ ç ә ϱ ө @ Φ 6 э @ ο ὁ 4 0 э c ө ө ө ө ө @ е ө ө о ө е е 


— —— — ++ -— nT — — و‎ E — 


— σουτ να 





Section 


7 


Fictitious building ido, 2 
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Ὠκαπρ]θ 5 .9 (Continued) ( ): 
Fictitious Fictitious Buil “ing No, 2: | 


у 1 e=U/L nm2Z/L Chart 3 5 Chart 5 Chart 6 














о, 80 120 8 „&7 „1433 0,85 а QA. تت‎ 

оу, 80 120 3: „67 005 „9% „072. ---- «30 

SX) -Α(ιορας) = .53 (chart Т) 

E(e) = E(.67) = 1.38 (Chart а) l 
Belža, E) = B,(40psf, 3' ) = .37 (Chart 2) 
By (X,,3!) = By(25pat,3!)e .55 (Chart 2) Fd 
Ago = 639/360" = „18 hag = 53°/380° = «15 


in this fictitious rele se Fae ectors A,4, and Α ο differ only by the 
barrier factor Bs (25pet,3° • These t sector “ars ecbined in the 
functional expression: 


ος боча) + аа Q8 09) + (8s)  ρίω)] s E Coe (Xa) 
(s + Ago By (%453")] 
= { (630 + .0щ)(1=.53) + („от + 165) (.53) (1.38) C31) [415 + (.18)(.55)] -031 
Total Ground Contribution = .03 + .078 = 109 
Roof Contribution: The roof plan of fictitious building No. 2 is 


used to detevmins the roof contritution, Ths solid angle fractions 
involved are shown in the figure also. | 


ο = бб») + [e (X) - τω iet )] 6) 


С C («73,100 psf) + | 6 a psf) =C ENS psf) πα path 
ІА 


s „02 [4% = 202 (.39) = „02 
L, 





Ke = 02 + „109= ‚13 
Pe = 1/13 sitet % ϐ 
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М. 5 „10.4 SMALL SECTOR ANALYSIS 


Ihen the azimuthal sector is small, the detector can be consider- 
ed at the center of a Large fic'itious cylinder. This allows 
direct computation of the solia angle fractions as described in 
paragraph 3 „д.2. This "rocedure is especially applicable for 
isolated windows and doorways; out may also be used for short 
ез of wall, Tho shape factor E for a circular building is 
Example 5,10 illustrates this procedure. 





5.11 MUTUAL SHIELDING 
5 11,1 GENERAT, 


When an adjacent structure linita the width of contaminated plane 
on one side of а shelter, the amount of radiation incident on 
that side will be reduced, with a corresponding reduction in the 
contribution through that wall. Two adjacent structures tend to 
mutually shieli one another, hence the term "mutual shielding"; 
although, "liuited field of contamination" might be a more des- 
criptive term, 


When analyzing 3 structure with mutual shielding it is necessary 
to trest wall-scattered and non-wall-scatter canponents separately 
and to make same simplifying assumptions regarding the extent of 
the contaminated plane. 


5011.2 WALL-SCATTERED COMPONENT 


А mutually shielded wall sees a contaminated plane of finite width. 
In sane cases. such as an enclosed courtyard, the con*aninated 
plane is well defined and the analysis may proceed directly; 
howerer, in the majority of cases it is necessary to impose arti- 
ficial limitations on the contaminated plane. This is done by 
assuming the width of field equal to the actual width, i.e The 
length of field is taken as the lengtt of the building plus twice 
the width of field. This is shown in Figure 5.12. 


This effect is considered for wall-scattered radiation by using 
a reduced barrier factor, » instead of the usual B,. 19 
cetermined by finding the solid angle fraction, We, subtended by 
the finite plane &t the mid point of the wall under study. This 
із shown in Figure 5,12. Note that. wg 18 a solid angle fraction 
at a point above the edge of a plane. For this reason the plane 
must be doublec and the solid angle fraction 20, determined. 
Then o, = Wg . With this solid angle fraction and the mase 
wa 
thickness of the wall, B4(U,,X,) can be read from Chart 9, No 
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EXAMFLE 5,10 





Section 


Figure 5,10 


It is assumed the only radiation reaching the detector із that caming 
дохт the passagewey from the opening beyond point 1. 











—— 





W oL. — 60599 e n o 6 Ga 
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* A cylindrical fictitious building is used to determine Reve For a 
cylindrical section w = l-cos 9 


Bey = [Galop Ra) + Οιίω)]} Βρίο,Β) A, 
BQ(0,H) = B,(0,3') ~ l.9 
A, = 14*/360° = «039 
Pq = („50 + .6)(1.0) (.039) = „022 
Rea = Βεγ(ωο)(.2) ={.ог2) (.053)(.2) = „00003 
Pee 1, 7. 1 _= 4300 


<“ ч ч ч o — — — шыш — < < < < — о < — оь — ж — < — — — — — =з — — — 


) other change is required in finding the wall-scattered componont, 
Thus, the functional expression for wall-scattered radiation for 
the shielded sector of the second story wall in Figure 5.11 is: 


Cpl shielded) = [cs (0) + (| S xS) E(o) B (ug Χρ) Az (shielded) 





A new value of Bp must be computed for each story, аз shown in 
Figure 5.118. | 





Figure 5.118 Figure 5.11Ъ 
Figure 5.11 Effect of Mutal Shielding 
5.11.3 NON-WALL-SCATTERED COMPONENT 


Figure 5.119 illustrates the effect of mutual shielding on поп-ма1) - 
scattered radiation. This effect can be considered by the differ- 
encing technique discussed in paregraph 5.2. The non-wall-scattered à 
radiation originating beyond the shield and which thereby is not 
received by the detector is subtracted from that originating from 
an infinite field. Thus G3 lwy,-Hy)- Ga (wy, Hy) is, ground direct 
component ,non-wall-scattered radiation. In the particular case cf 
Example 5.11, the detector story is shielded from all ground direct 
radiation. For mutually shielded buildings, the full value of 
| Ga (W) is used even though it appears that pert of skyshine is 
н blocked out by the adjacent building. “his is done because the sky- 
: shine term includes other scattering contributions. Thus the 
ceiling-shine contribution is not affected much by the mutual shield 
and the scattering from the adjacent building increases as the We 
distance decreases. Since the actual magnitucie of these various 
scattering components is not known, the full value of Gg is used. 


The solid angle fraction Ш" and Wt should be computed based on 
the shape and dimensions of the bullding. The Z distance is deter- 
mined by drawing a r&y from the detector to the mutual shield. 

The vertical distance between the interception of the ray vith 

the exterior wall and tie delectu, is the required value of Z. 
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Example 5.11 ilinetrates the effect of mtal shielding. 
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Midpoint on Wall of Interest 





Figure 5 „13а Plan 
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VA 
Figure 5.13b алма | 40' . | 20 | 


Given: Structure shown in Figure 5,13 
Mass Thicknesses: X, = 60pef 


X, = 200раѓ 
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i ω 40 507  .80  .28 2 «2 .066 - 
| wy 40 50 3 «30 «12 .88 «135 — «19 
i mt д0 50 19 D κα ο. «36 — «60 
| u до 50 IM «6 — .46 58 — — «56 
ug 992: ohh 55 35/2 18 — m — 
ω 40 90 15 ο οἱ — 2-427 — --- — 
s (X) = Sy(SOpat) - «63 (Cart 7) 
τ(ο' = Ef.80) = 1.40 (Chart 8) 


Ground Contribution: 


a, Third story, unshielded 


Bottle m own 
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Example 5,11 (Continued) { 
А -Í —RX + а (о) 5,0) + [s (p) + CC] S EC) }Ba DA 

B (Xa H) = B (SOpaf,23') = 1 (Chart 2) 

Αα = 2679/3605 = „80 
ος = (Сл + .ο(ό)(1-.63) + (4135 + .27)(.63) (1.0) } (-14)(.80) = .оз1 
be Third story, shielded. Рог this sector the wall-scatterad and 
nen-wall-scattered ccnponents are found separately. For the non-wall- 
scattered component the full value of skysHineis used as explained in 
paregraph 5.11.3 Non-Wall-Scattered Component. For ths wall- 
scattered component, a reduced barrier reduction factor, Bas 92 Xa), 
is used which considers the size of the finite field. 
Nor-wall-scatter хі 
c Tee] x — R0] в.б) 4 

А„; = 73*/360* = «20 
Cy = (4066 ) (1-.63) (14) (.2C) = «00068 
Wall-scattered 
ος = [Bs (o;) + G5 (9)] 5,0) Ε(9) B (о, xe) 42 

Βμφίω > Xo) - B a ( 025, 60paf) = .00Tb (Chart 9) 
ος” (4135 + .27)(.62) (1.40) (.006) .2 = 100053 
Total third story = „051 + «0008 4.00053 а .0522 or ‚052 
c. Second story, unshielded 
Cg (ек - Galor Ha) (2-8, (x) ^ [o = G, (er) мк) 

x B ur D BrO) An 


Bg(Xgs) = B.(6Opsf,23') = .1% (Chart :) 
Be(“p) = Dp(AOpet) = .:1 (cart 1) 


Cg” Te - .19)(1-.&3) + (.36 = 135) «e» ao ets X11) 8)» «0003 
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Example 5,11 (Continued) 
de Second story shielded 
Non-Wall-Scatte: өд 
Cg = [πιω Hy) - бабо, Ηρ] [1-5,3 °) B (X E) Be(Xe) А„ 

= (.60 = .56)(1-.63)(.1%)(„11)(.2) = .000045 
Wall Scattered 
ος = [60 = a OS (IEC) (ох) Βείχε) Αρ 

B. (o, X,) = B  (+27,60psf) = 0.017 (Chart. 9) 

Cg = (636 ~ 135) (.63) (104) (0,017) (.11) (.2) = «οοροτι 
Total, second story = .00h3 + .000005 „00007 = .00lh 
The effect of the mutual shield is seen by comparing the third story 


ground contribution through the shielded sector with and without the 
shield, 


With Shield Without Shield 
.0011 «013 


Total ground contribution -.00lh + ‚052 = .056 
Roof Cont.ibutions 

Xo = 100раї эт ‚72 

ος. C (euo) = C (.72,100psf) = «02 
Re = C + ὃς T -056* 02 = „076 


< = Ü< wwe с - — — — < < < — — < — — - — — — < < < < — < =< < =“ — 
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CHAPTER 6 
DETAILED PROCEDURE - COMPLEZ APPLICATIONS 
6.1 INTRODUCTION 





The type problems discussed in Chapter 5, although long in some 
cases, were nevertheless variations on the basic block house and re- 
quired little imagination in their analysis. 


All structures do not fit so well into this pattern; the analyst 
may be required to make approximations or assumptions before pro- 
ceeding with tha analysis, The purpose of this Chapter is to pro- 
vide an aid ir “aking these approximations. 


6.2 БООР CONTRIBUTIONS 
6.7.1 VARIATIONS TY MASS THICKNESS 


In many types of roof and floor construction the joists are close- 
lr spaced and thereby add significantly to the mass thickness of 
the barrier. In such cases the joists may be “smeared” over the 
total arsa. This is done by finding the total weight of the 
roof plus the joiste and dividing by the area of the roof. A 
similar procedure was used in dstermining the mass thiclmess for 
hollow concrete blocks given in Table 4.2. 


6.2.2 SLOPING ROOFS 


Roofs composed of sloping components (gables, hip roofs, etc.) 
cannot ba analyzed as such but must be converted to an equiva- 
lent flat roof, This may be done by using the horizont.l pro- 
jection of the actual roof at an elevation equal to the center of 
gravity of a vertical section through the roof. The fallout is 
then assumed to be uniformly distribute’ over the horizontal 
projection, 


6,2,5 IRREGULAR SHIPED PROOFS 


The existence of unevenly spaced partitions may divide 2 roof 
into irregular segments which cannot readily Le included in a 
fictitious shape, Further, many moder: buildings are οἱ rec- 
tangular in shape, In such situations it is necessary to approxi- 
nate ths roof shape by a circular or rectangular roof which can 
then bs analyzed. Figure 6.1 illustrates approximations. А 
general rule to be followed in making such approximations is to 
treat the largest sources of contribution as accurately as possi- 
ble. Lesser contributions, as from peripheral roof areas, гау 
then ое treated by apprrimation with little ‘oss of accuracy. 
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Figure 6.1 Approxinating Roof S"ap-s 














j 6.2.4 MULTI-LZVEL ROOFS 


Multi-level roofs are analyzed as a series of separate roof pro- 
blens, Each section of roof is considered аз part of a fictitious 
roof at that level and aralyzed as such. Figure 6,2 illustrates 
this procedure for & two level roof. 
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Tiruro 6,2 .:ulti-level Roof 
6.2.5 ~ISCONTINUCUS BARRIERS 


Horizontally discentinuous barriers are analyzed using azimuthal 
sectors as discussed in Chapter 5. When barriers аге discorti,u- 
ous in the vertical direction, this discontinuity may be consider 
ed by using solid angle fractions and the ‘asic assumption that 
all radiation travels to the detector in a straight line from 

the exterior contributing surface. 
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Figure 6.3 illustrates this procedure, 


Χρ" Mass thickness of uppermost roof only 


Xj= Combined mass thickness of both horizontal barriers 





Ον” Col Was Xo) + [90( 5 oko) = Colo Хз} ү) 


Figure 6.2 Vertically Discontinuous Barriers 


All radiation originating within the limits of оо is assumed to 
pass through the intermediate horizontal barrier while all roof 
contribution outside of w5 passes through the interior partition, 


6.3 GROUND CONTRIBUTIONS 
6.3.1. IRREGULAR SHAPES 


Most ‘irregularly shaped structures may be analyzed using fic- 
titious buildings and azimuthal sectors ао discussed in Chapter 
5. When a structure is of such a shape that it carrot be con- 
veniently fitted into a fictitious building its shape may be 
approximated by a rectangular or circular structure, similar to 
the method used fo. roofs in Figure 6.1. 


6.3.2 57ТВАСК5 


The analysis of a setback depends on its height relative to the 
surrounding ground. А pw level setback should be analyzed as if 
it were a semi-infinite plane, due to the importance of the radia- 
tion originating bayond the setback. At higher levels this 
ground rediation is of less importance and the setback can be 
considered a finite contaminated plane, that is, а mutual snield- 
ing problem. However, the ground contribution must also be de 
termined. No fixed height can be given to distinguish belwem 

a high-level алі a low-level setback, this will depend on the 
nature of the surrounding ground, the existance of other setbacks, 
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) adjacent buildings, and in general, familiarity and working 
'mowledge of the shelter analyst with the analysis procedure, 


6.3.3 CLEARED AREAS 


When fellout is deposited on the surface of a river, lake, or 
other body of water, it sinks and its radiation is thus attenuated 
by the barrier effect of the water, For this reason a body of 
vater may be analyzed as a cleared area. 





lf a cleared area is some distance from the structure it may be 
considered by applying the factor illustrated in paragraph 7,10 
to the ground contribution. Areas immediately adjacent to the 
structure will have a more pronounced effect on the reduction 
factor and may be analyzed as the opposite of mutual shielding. 
The geametry and barrier effects of such a case are illustrated 


in Figure 6 ohe 
- 





Non-wall-scattered: Skyshine = G (ou) [(1-s (X M 8, 1,0) 


Ground Direct = G (ó Ha) [1-5, (X—)] B (XH) 
Wallescattered e[c L) + C.(w,)]S (89,8) - ἵνα e fq) | EO 
Тїршгє 6.) Cleared Area 
6.3.4 SLOPIG MOLD 
Ав sloping ground is а аерлгімге from ТН: 2007710, it will have 
sone affect on the reduction factor. hen the slope is gentle 
and uniform this effect will be suali and can be ignored. ‘hen 
the slope is non-uniform, downward, the ground tends to shield 


itself. In this case, the slope may be ignored or in extreme 
cases treated as a setback (see рага 6 3.2). 
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А steep slope, upward away fru the detector, can have a pro- q 
nounced effect on the reduction factor, as ground direct radia- 

tion can now originate above the detector plane. Such a slope 

can be analyzed by treating it as the plane of reference instesd 

of the horizontal plane. Figure 6,5 illustrates a procedure for 

doing this, Notice that the relation between the detector and 

the contaminated plane remains constant. The ground direct com- 

ponent сап now be determined as a function of ως, €] and Hy. 






C, for tùis sector should 
be mültiplied by COS Ө since 
fallout density of the slope 
is less than for flat ground. 


Figure 6.5 Sloping Contaminated Flane 


6.3.5 GROUND ROUGHNESS 


The effect of ground roughness is to place an additional barrier ( 
batween ths "stector and the radiating source. Unfortunately, 

little experime:tai data is available on this effects however, 

by coupling avəilable data with theory, a judgnent can be made 
concerning its iniluence on the reduction factor. 


Table 6.1 is the result of this judgment, wherein ground rougn- 
rass is expressed in terms of an @muivalent height of air. This 
fictitious height should be added to the value of H used in 
determining the exterior wall ^arrier reduction factor. This 
fictitious height is net. added to Hy in the dotermination of Gyo 


6.3.5 PARTICLE PILE-UF 
Particles of fallout which have been deposited on turfed areas 
do not tend to drift, and can be considered to remain uniformly 
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Table 4 al 


FICTITIOUS HEIGHTS FOR VARIOUS GROUND ROUGHNESS CONDITIONS 


Description Fictitious Height* (feet) 
Smooth Plane 0 
Paved Areas 0-5 
Layms 5 - 10 
Gravelled Areas 10 - 20 
Ordinary Plowed Field 20 ed 
Deeply Plowed LO - 60 


* To add to actual value of H for use with wall-barrier curves, 
Chart 2, 











distributed over the area, Field experiment3 indicate that de- 
positions on paved areas are not so stable. A building located 
in a parking lot could be expected to have a "pile-up" of fall- 
out particles on its windward side, To estimate the influence 
of this piie-up on а protection factor, ii 48 necessary to know 
its relative source concentration, This concentration can be 
related to the effective "fetch", Fg, of the paved area, that is 
tne distance to th? outer edge of the pavement fron the wall of 
the building. 


The effects of pile-up can be approximated by the following 
variation of the mut.al shielding problem,  issume a finite con- 
ta-inated strip of 10 Teet wide, (V.), Make the normal calcu- 
lations for mutual shielding for A strip; however, multiply 
the ground contribution by the ratio of fetch to contaminated 
strip, Fy^i.. 

For detector positions above the third floor the effect of pile- 
up will 9 small ani can safely сз ignored. 


For a basement detector position, the contribution fro: pileup 
through the earth s&iiacen: to the casement wall may be of interest. 
This contrivution car be ирекле зу the fcllowing expression 
(refer also io Figure 6,.): 


Com 12) (1-2) (2-2) n atis 117v A 


"& w? e 





Jz 
6-7 








U=Unit Weight of Soit 


Figure 6.6 Particle Pile Up 


This expression only provides the contribution through the lip of 
the earth surrounding the structures; contribution through the 
wails of the structure should be analyzed by the normal procedures. 
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CHAPTER 7 


SIMPLIFIED, APPROXIMATE PROCEDURES 


The Detailed Procedure presented in the preceding chapters is concise, 
consistent with accuracy; -owever, it is unwieidy and too time consuming 
for initial planning end des gm purposes. ‘Several simplified approximate 
procedures have been developed which greatly reduces the time required 
for cowputations. Thes> procedures, however have varying degrees of 
accuracy when compared with the c: lculations derived by the Detailed 
Procedure. It may become necessary to verify all or part of ·' ~ 
calculations ou the final desigu by means of the Detailed Procedure. 


The following publicatiions are being used to illustrate the 
Simplified Approximate Procedure: 


i. Shelter Design ἃ Analysis. Volume 2, TR-20 Equivalent Building 
Method. 


2. Protection Factor Estimator TM 64-1. 


Example problems and methods of solution can be found in each of the 
publications. 
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CHAPTER 8 
RADIATION SHIKLDTNG MODIFICATIONS 


8.1 INTRODUCTION 
8.1.1 OBJECTIVES 


The objective of shielding modification is to provide а desired 
degree of protection at minimum cost comnens:;rate aith shelter” 
requirements. Maximum une must be made of existing structure 
properties to achieve this goal. Alternative designs and con- 
atruction materials which provide greatest shielding ust be used 
in new construction. A working knowledge of the systers of 
analysis and parameters of shielding is essential. Familiarity 
with building construction and desig: із also necessary. This 
Chapter reviews the pasraxcters of shielding and applies the re- 
sults to sample shielding modification situationa. 


$.1.2 THEORY 


The theory behind effective shielding modification is the aysten 
of shielding analysis presented in Chapter 6. This aystom is 
analysed in detail to provide a qualitative estimate cf the 
effectiveness of the various parameters of shielding ir. -educing 
rediation received. Means of varying these parameters in oxist- 
ing or planned constriction are discussed and a general rifi- 
cation procedure is developed. This procedure is applied to sam- 


ple situations and possible solutions for these particular examples 
are illustrated, 


8.2.1 REDUCTION BY DECONTAMINATION 


8.2.1.1 Redustion Pogeible 
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Table 8.1 Skyshine Contribution through Decontaminated Roofs 



















Table 8,1a 


Skyshine Contribution Through Decontaminated roofs 










Overhead Mass Thickness | Skyshine Factor + 


Xo» pst 





0 Use Sable 8,1 
25 0.10 
50 0.08 
100 С.О 


0.01 


* Tc be applied as a correction factor to values obtained from 
Chart Ц 
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Table ϐ.910 





Skyshine Contrioution 
Decontaminated Hoof of Zero Mass Thickness 


okyshine 
Contribution 


J Solid Angle 
0.0008 
















Solid angle 


Skyshine 
Fraction 


Fraction Contribution 





0.20 0.0088 
0.49 0.019 
0.60 0.030 
0,2038 0.80 0.048 


0,10 





Complete decontamination can provide extreme reduction in 
the overhead contribution by eliminating the direct radiation 
and the skyshine originating fran the contamination on the 
roof. The approximate results of canplete decontanination 
of the roof area may be determined by comparing the Skyshine 
component, with the total overhead contribution, Table 8,1 
lists the fractional portion of the overhead contribution 
determined {гош chart 4 represented by the , shine compon- 
ent. For axanple, when Хо = 100 paf, ahyshine is 4% of the 
total overhead ος ТШ A decontaminated roof with 

Xo = 100 and ш = .40(C.(95,Xo) = .016) would have a contri- 
bution = „Од x о C16 = „00002. It should be noted that sky- 
shine is a larger portion of the contribution for a lighter 
roof, and that the skyshine originating from the radiation 

on the roof itself is an increasing portion of the whole with 
larger and higher rcofs. Thus, complete decontamination can 
provide & large reduction in the overhead contribution. 


8.2.1.2 Decontamination Methods 


- 


Slope 


1:4 
1:12 


1:16 
1:25 


ا 
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The principle remote operated systems which may be employed 
for roof decontamination are: 


a, Rocf Washdown System - In principle, this system covers 
the roof with а rapidly moving film of water to loosen, 
propel, dissolve, or suspend the fallout. A closed 
systen requi-ed water distribution, collection, storage, 
settling, filtration, and pumping. А “once-through" 
system requires water supply, pumping, collection, and 
disposal, The effectiveness of the system is principally 
dependent on the water flow and coverage, and the slope 
and canpesition of the roof surface. Washing effective- 
ness test results for varioug roof surfaces and slopes 
are illustrated in Table 8.2 (fran Reference 1. RADIOLOGICAL 
PROTECTIVE CONSTRUCTION, USNRDL, 467, 1962). 

Table 8.2 - Influerce of Roughness and 
Slope on Roof Washdown Effectiveness 
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FRACTION REMAILNING 





Masonite Roll — Composition Shingles 
(1.8 gm/ft) (2.7 &рщ/{+ L 7 gm/ft) 
2004, «022 «083 
«016 0048 240 
«ОЦ Ook «535 
2020 «360 No date 
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Surfaces such as tile, tar and gravel, and corrugated 
roofs are not fully washed and thus have & greatly 
reduced washdown effectiveness. Fiat roofs, roofs which 
have а low wetability (smooth aluminum roof panels are 
an exanpie), or any roof with a slope less than 1:4 are 
poor for washing decontamination. 


Specific problems of roof washdown systems occur with the 
high contamination concentratior at the filter, need for 
a dry pipe system for freezing climates; requirements for 
Special equipment, water supply, power, special distri- 
bution and return piping systems; freezing weather oper- 
ations and uncertainty of results. 


b. Roof Blowdown System - À roof air blowdown system, using 
jets of air to prevent deposition of fallout is feasible, 
although test results are not available. Advantages of 
blewdown systems over washing systems are due to avoid- 
ance of storage, filtration, and return pip; g systems, 
and the applicécion of blowdovn to flat roofs. Major 
disadvantages are ineffectiveness in wet weather and 
build-up of fallout adjacent the structure in place of 
the disposal or isolation obtained with the washdown 
gystens. 


c. Disposable Coverings ~ A disposable cover may be ised when 
fallout occurs over a short time, disposal is only re- 
quired for the fallout of one detonation and radiation 
received in the shelter during collection of ihe fallout 
on the cover and prior to its removal is acceptable. 
Canvas or plastic covering which may be rolled onto a 
mechanically driven or gravity-actuated spool are types 
of this method of decontamination. Major problems are 
the safe disposal of the contaminated covering and 
irregularities and projections above roof surfaces, 


8.2.1.3 Discussion of Decontamination 


Decoitamination requires reliance or a complex, expensive sys- 
tem to achieve an uniknown result. Decontamination is essen- 
tial to some instances, such as on ships, manned exterior 
facilities which must continus to operate, specific areas 
within a structure which have an emergency function (such .. 
the upper floors of a structure with micro-wave relay facili- 
vies), and for raciological recovery operations. Special 
stractures may have on-site equipment which is suited to de- 
conlaination, such as steam gererating plant, water treatment 
plants, and various industrial plants with power, puuping, 

and water supply readily available. Such structures may 
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economically employ decontamination as a means of shielding, 
however for most multi-story structures housing shelters, de- 
contamination is not the most economical or sure means of 
providing desired shielding results. 


8.2.2 REDUCTION BY GEOMETRY VARIATION 
8.2.2.1 Influence of Geamstry on Roof Contribution 


The overhead contributior is determined by the field of view 
subtended by the contributing area (solid angle fraction) and 
the mass the radiation must penetrate (Χρ, and X] whore appro- 
priate). The overhead contributioa varies with variation in 
the solid angle fraction subtended by the contributing area, 
however with increasing values of ш, the change in C, becomes 
smaller. This effect may be noted inChart |, , Reduction 
Factors for Canbined Shielding Effects. The overhead contri- 
bution is nearly proportional to the solid angle fraction 
when the solid angle fractíon is less than O.l. This aolid 
angle fraction may be visualized as а 20! x 201 core roof 23! 
over the detector. Variation in C, is much less than pro- 
portional to ὦ when ὦ is greater than 0.2. The magnitude of 
variation in overhead contribution with is deperdent on 
mass for w greater than .2. This is due to the small pro— 
portion of the total overhsad contribution provided by peri- 
pheral areas of heavy roofu, while similar areas of a light 
roof will provide a higher proportion of the total overhead 
contribution, Example 8 ,1 illustrates the effect of variation 
of solid angle fraction on overhead contribution, 


8.2.2.2 Geanetry Variation Means i 


Although geometry is not the most critical parameter of over- 
head contribution, reduction obtained оу geometry variation 
may be significant in lowering the coat of modifications or 
of incorporating a shelter in new structure design. Р.іпсі- 
ple means oi achieving geometry reduction are by: 


a. Locating the shelter in a canpartmented area, thereby 
reducing core roof dimensions; and, in effect, reducing 
peripheral roof contribution by the barrier shielding of 
interior partitions. 


b. Locating the shelter lower їл ihe Structure, increasing 
the distance from the reof and gaining the barrier effect, 
of the additional intermediate floors. 


c. locating the shelter area eccentrically within the struc- 
ture, thereby increasing the average distance to the peri- 
pheral roof areas. 
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Example 8.1 Parameter Variation Effect or Overhead Contribution so 


.10 
«07 
«03 
„01 
‚005 





+ Area cf a square subtended by the solid angle оп a plane 10ft. over 


the detector, 
Wo = οὔ 
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20 | .50 .015 .026 | «022 
3C ‚3 ,Oh5 2020 „017 
LO | «26 05 .016 | «012 | 
50 „19 „05 


«013 2008 | 
46 | 0 | 
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These measures may be taken in selection of an area for modi- 
fication or in locating a shelter area in proposed new con- 
struction. Examples 3.2, 5.3, und 84 illustrate situations 
in which these measures may be used to reduce overhead con- 
tribution, 


8 «2.3 REDUCTION BY MASS VARIATION 
8.2.3.1 Influence of Mass on Roof Contribution 


Variation in overbead contribution due to rass is roughly 
approximated by case 1, Chart 1 for values cf mass gieate> 
than 25 psf. As Case 1, Chart 1 is almost linear oz the 
seni-log plot, the correlation indicates that a fractional 
change in C, due to a specific additional mass would be tne 
same through the full range of C, values. This effect is 
illustrated in Example 8.1, where an increase of 30 to 35 psf 
causes a reduction of about 50% in Cge 


Varying interior partition mass also has a direct effect on 
the radiation passing through these partitions. 

Chart ll expresses this relationship, Since Chart 11 
closely parallels Case 1, Chart 1 it would be expected ibat 
the fractional change in Co would be similar for mass aided 
to an interior partition and for the same psf incremertal 
increase in overhead mass. Example 8 „1 also shows tie in- 
fluence of interior partitions, An imp "tant feature however, 
is that interior partitions only affect peripheral contribu- 
tions, which are normally very small in relation to the core 
area contribution. 


8.2.3.2 Means of Varying Mass for Overhead Contribution 


The choice of location of a shelter area within an existing 
building can take advantage of existing mass within the build- 
ing to provide & low overhead contribution. Intervening 
floors between the shelter ала the contamineted roof are the 
most economical additional mass to reduce the overhead con- 
trioution. liicreased distance below the roof has the addi- 
tional geametry effect of reducing the solid angle fraction 
subtended by the contributing area. 


A shelter area in a highly campartmnen.ed area of a building 
makes use of the existing mass of partitions to reduce over- 
head cont.ibution. The shelter area may itself be canpart- 
mented extending through several distinct areas which require 
separate calculation of protection factor. Partitions which 
are continuous on adjacent siories and extend to the roof are 
most effective in providing canpartmentalization; however, 
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Exampie 8,2 Compartmented Location Effect on Overhead Contribution 


mr EE 






Elevation 


Bi(30psf)=,37 
W L e az n Xo Cy Plan 
wp 30 50 „б 20 „80 .32 50 .038 


Uncompartmented: Detector A Co = «038 
Compartmented : Detector B Co = „011+,37х„038@= «025 





Example 8.3 Lower Floor Location Effect on Overhead Contribution 





30! 
Elevation | 
W L ο z n ω Xo Co Plan 


Wo 30 50 „6 30 1.20 .18 50 .020 
ως 30 50 .6 30 1.20 .18 75 .015 


Second Floor: Detector A (Example 8 .2) Co * „038 
First Floor : Detector C (Ceometry effect alone) Co = .020 
First Floor : Detector C (Geometry and added mass) Co = „015 














Example 8 ц Eccentric Location Effect on Overhead Contribution 


Elevations 


Central Location : Detector А C, = Co(up,Xo) 
HUC. : ( 
Eccentric Location: Detector B Co = Se ipao) * ἠαίώωσο) + Soa) а 


w L e z n Xo Co 
wo 60 60 10 10 ,3 72 25 415 
ω 20 20 1.0 10 1,0 .3 25 .060 
wh 20 100 >20 10  .20 „0 2 „100 
wu 100 100 1.0 10  .20 ιδ 2 „16 


Central Location : Detector A,Co = „15 


Eccentric Location: Detector B,Co = e + 2100 , 160 


discontinuous partitions, located on stories between tho 
shelter area and roof, will reduce overhead contribution even 
though they are not on the story of the detector. The effect 
of compartmentalization is reduced with greater total over. 
head mass thickness, as collimaticn by this mass causes а 
greater portion of the roof contritution to come from the 
roof area directly over the detector. This effect is shown 
in Example 8.1 as а seametry factor. 


Additional mass for the reduction of overhead contribution 
may be provided in modification or new design by selection 

of а low-story shelter area and by the selection of the 
heaviest alternatives of possible floor and roof construction. 
Provision of heavy interior partitions for reduction of over- 
head contributicn is unwarranted аз most of this radiation 
usually originates from the core area and would not be re- 
duced. This is particularly true in a shelter area with 
sufficient ovarhead mass to provide a high protection factor 
(Pe = 100). Examaple 8.5 shows various means of providing 
added mass for hasty, temporary. or permanent employment with- 
in the structur . Note that floor strength, structure usage, 
or need for placing mass under emergency conditiors can 
severely restrict the addition of mass to existing floor or 
roof systems, 


8 .2.4 DISCUSSION OF MEANS OF REDUCING CVERHEAD CONTRIBUTION 


The most economical means of reducing any contribution is by 
careful selection of the shelter area location within the struc- 
ture. 


Reduction of overhead contribution must be a part of the whole 
problem of providing a desired degree of protection, and thus 
must be considered in conjunction with ground contribution. Se- 
lection of shelter location for example, directly influences both 
overhead and ground contribution. Using a lower floor location 
+o achieve greater overhead mass, increases the ground contri- 
bution. The aingle notable exception is adoption 2 a basement 
location in which all contributions are reduced. Reduction of 
height by a story does not increase ground contribution by as 
large a fraction as that ty which the overhead contribution (re- 
ference Chart 4 ) js reduced; however, the actual increase in 
ground contribution may be larger than the decrease in overhead 
contribution, due to different magnitude of the two contributions, 


Since geometry has little effect on a shelter area which is to 
have a high protection factor, the desired reduction in contri- 
bution will normally be obtained by the addition of mass. While 
decontamination can greatly reduce overhead contidvutaon, mass іл 
Place provides positive measurable protection. 
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f Example 8,5 Addition of Mass to Reduce Ovarhead Contribution 


GIVEN : Unmodified structure below: 


ως, 
| "d oscar 


Modifications 





Elevation 





REFERENCE : Example 8 .2 
Present core roof contribution = 011] = C, 
ως = .095 Present Хо= 50psf 


REQUIREMENT: Heduce соге roof contribution to C οὖν 0005 

SOLUTION : 1. Determine ecditional mass thickness required: 
Со), (4=095,0"?) = 005 Хо = 98psf (Chart L) 
Additional mass required = 98 = 50 = lj8p:? 


2. Location for the additional mass: ' 
` a, 25psf on both roof and second floor, using bulk , 
material; minimum siab loading, some reduction 
in peripheral roof contribution, 
b. SOpsf supported immediately over shelter area; 
maximum bonus reduction in peripneral roof and 
adjacent story contribution, 
с, SOpsf on second floor: maximum bonus reduction 
in contribution without a separate supporting 
frame. 
d, 5Opsf on cere roof: no bonus reduction in con- 
tribution "ut least disruptive of building use, 
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In general, it is iore economical in t-e modification of exist» 
ing structures to reduce the ground cont"ibution and not add mass 
to reduce overhead contribution, The overhead contribution should 
be accepted if it is sufficiently small that the desired protec- 
tion ^uctor may be achieved by reducing ground contribution. Ih 
"any above ground situations, a lower floor location, which has 

ú higher urnmodified protection factor than does а similar location 
on а higher floor, will be more economical to modify as mass will 
not have to be added on horizontal planes. 


There are no rules which present tho most 

structures. Economy in modification is obtained by 
skill in fallout analysis and in the chcsen design field. Quide- 
lines may be established and illustretions made, however each 
application will dwpsnd upon the ability cf the shelter desiguer. 


8,3 GROUND CONTRIBUTION 


8.3.1 REDUCTION BY GEOMETRY VARIATION 
8.3.1.1 Influence of Geometry on Ground Contribution 


The ground contribution is determined by tle location of the 
detector with respect to the contaminated field, the sige of 
the contaminated field, and tne amcunt and location of mass 
through which the rediation must pass. Height, orientation, 
md amount of mass are parameters of barrier reduction fac- 
tors. The dimensions of the structure and limits of « limit- 
ed strip of radiation are essentially geometry factors. 


The amount of ground contribution that ie received from an 
infinite field of radia tion is dependant on the dimensions 
and orientation of the contributing exterior surfaces. In 
vertical section, the principle limits for contributing sur- 
faces are the floors of a building. Thus the radiation re- 
ceived through the exterior wall of tis story of the detector 
is considered separately ind is usually of much greater magni- 
tude than the radiation received from the exterior walls of 
the adjacent stories above and below that of the detecto-, 

The location of the floors then, determine the geometry affects 
cn the mapu of radiation recaived. 


The effect of gedaetry on the non-well scattered components 

of the radiation received may be "12:211501 from Figure 3.2, 

the polar plot of non-wall scattere! radiation received in an 
unshielded situation. Note that the tulk of the radiation is 
received fram close to the horisontal. Aa an illustration of 
this effect, the ground direct directional roepons^ iv .42 to 
e 3' high detector centered on the grourd floor of а 48' x 48’ 
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building, If the structure were 24° х 24' instead, or if 

the detector height were 5! in the original situation, (4 
would be ,58, an inc.ease of one-third in Qj. Chart 6 

shows that. changes most rapidly when the non-contributing 
portion of the field of view (represent sd the solid angle 
fraction) 18 very large (ш greater .nan Ὁ), Skyshine 

varies in a similar manner, hesvily weighted at the horizontal, 
however ito change with ω ia not as pronounced as is the change 
in Gae 


Wall-scattered ratiation 46 essentially proportional to the 
mount of tha fiaid of view subtended cy the contributing 
surface. The detector receives wall-acattored radiation of 
almost uniform intwnsity over the entire contributing sur 
face. The shape factor, E, provides a correction for colli- 
mation by the wall, and solid angle fraction weights adjacent 
wall ares kore heavily than an area at an acute angle from а 
normal to the will from the detector. Fxrmple 5.6 examines 
variat.o: in Gy, Gp, and Gg due to geomstry variation. As 
illustreted in this example, the principio effect of geometry 
variation is upon Gy. Walls of sufficient созш thickness to 
provide a sheltered area reduce the importance of (4 in that 
the fraction of emergent radiation which has not been wall- 
scattered (1-S,) is gall. The mest direct geametry factor 
is detector height above the floor. Variation in this value 
is critical in comparison to the buiiding dimensions. This 
can be visualised in the computation of n = 25/1, in which 
slight changes in s are of much more significance than slight 
variations in L. 


Another geometry factor in the detsrmination of the ground 
contribution is the size of the contributing area. Mutual 
shielding, decontamination, and suiiding setbacks are situs- 
tions in which the radiation iz not received from an infinite 
field. Pronounced variation in snount of radiation receivad 
occure in such situations. These effects are illustrated in 
əxmples іг Chspter 6, Detailed Procedure - Complex Applica. 
tions. Limited contaminated area situations are so vuriei 
tha. only a few generalizations are feasible. Mutual shield 
ing usually causes itu greatest reduction in ground contri- 
bution on stories above the ground story bu. below the ale 
vatia. of adjacent roofs. Decri:tamination for ground contri- 
bution reduction is not generally practical for shelter situa- 
tions for reasons similar to those discussed for roof decom- 
tamination. Other limited contaminated area situations require 
dividual analysie to determine their raiatiwve 1йрсгїапсө, 
Shi alting odifications axe generally concerned мії’. тиса 
situations when а high protecticn factcr is sought, leaks are 
checked, or а detailed comprehensive solution is required, 
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Exzmple 8,6 Influence of Geometry upo: Directional Resnonse 






Skyshine scale 10x 
that of G4 


Bar graphs show incremental 
directional response between 
limiting angles. 








dosi 


A 8.3.1.2 Geometry Variation Means 


Selection of the shelter area location within tho existing 
structure is the principle means of securing maximum geometry 
reduction in a structure, Greatest reduction is generally 
obtained with a basement shelter location. Location selection 
should take full advantage of any mutual shielding afforded 
by nearby or adjacent structures, In some situations, mutual 
shielding alone may afford such reduction in contribution over 
that which the sane area would receive if there were no 
shielding, that no modifications are required. Greatest geo- 
metry reduction on non-basement stories is obtained with a 
central location witain the building, a detoctor close to the 
floor, and maximum neight above contaminated plane (note the 
change of Gg with height on Chart 6). Shelter usage 
however, normally dictates the selection of height of the 

) representative detector location, and roof contribution limits 
maximum height above contaminated plane, 


8.3.2 REDUCTION BY MASS VARIATION 
8.2.2.1 Influence of Mass on Ground Contribution 


Mass is the most critical factor determining the magnitude of 
ground contribution. The location of mass determines the 
) parameters of the geometry factors. The orientation of the 

mass with respect to the detector and to the contaminated 

area determines its own effectiveness, as may be noted in 
Charts 1 and 2, Variation in the amount of mass between 
the detector and the contamination results in exponential 
variation in the contribution received from that contamination. 


À second parameter of the berrier reduction factor, height 
above contaminated plane, accounts for reduction in radiation 

) due to the mass of sir between the contamination and the 
exterior wall. The barrier reduction factor is affected by 
thia height and the improved effectiveness of the wall barrier 
due to the collimating of the radiation in passing through 
this air. The sum of these effects for an exte; ior wall are 
given in Chart 2, 


The effect of height and variation in the mass of exterior 
walls, floors, and partitions upon ground contribution are 
demonstrated in Example 8.7. “ne effects of mass variation 
and geometry variation should be compared by reference to both 
Fxamples 2,7 апа Ube 











Example 8 ,7 Influence of Mass on Oróuna Contribution 





X, + lOpsf 

X; + lopsf 

Xp + l0psf 

XÎ + lOpsf | 

X, + 30psf | | 

X. + 30psf -52% «5:4 -524 
Xj + 30psf 5 | — | — 
X! + 30psf ---- | _— -73% 
Xa + 60рѕѓ -764 -72% -75% 
X, + 60psf -153 -75% -75% 
Xf + 60ps f -8A came — — 
Хр + бОрзЁ ---- ---- -93f 
На + 10%, -22% -21f -1lf 


Hi + Dft, 8 -36% -23% 








8,3,2.2 Means of Varying Mass 


Adding mass to reduce ground contribution is generally the 
most economical and ready means of improving a shelter. Mass 
is most effective in stopping radiation when the incidence of 
the radiation is not normal to its surface, The angle of 
incidence is greatest for floors and thw mass in floors is 
more effective than the mass in vertical barriers. Exterior 
walls at heights greater than 3 feet have their effectiveness 
increased due to collimation of the radiation in the air; and 
thus the sama mass per square foot is slightly more effective 
in an exterior vall than in an interior partition. 


The overwhelming bulk of ground contribution in an exposed 
story is fron the exterior wall on the story of the detector. 
Mass thickness, in pounds per square foot of surface through 
which the radiation must pass, is the principle paranster of 
reduction of that radiation, Maximum reduction is obtained 
from a given amount of mass by having that mass as close to 
the detector 2s possible, as this permits the greatest mass 
per unit ares. As an entire shelter ares must uaually be 
protected, the closest prectical location for this mass is 
the limits cf the sheltered area itself. Thus, most economi- 
cal reduction in ground contribution is generally obtained 
by adding interior partitions at the limits of the shelter 
area, Exceptions to this usually occur in the correction of 
leaks, each of which is an individual problem, Example 8.8 
illustrates the computation of the amount of mass required to 
ebtain a given reduction in contribution and some of the ways 
in which this increased mass may be added. 


Large reductions due to mass may be achieved in the selection 
of the shelter location within ar existing or proposed struc- 
ture. Aside from the basement, which is usually the best 
shelter area, the least ground contribution is found on 
upper stories. Shelter areas should be located to take full 
advantage of interior compartmentalization. Іл new design, 
the heaviest of alternate choices for wall, partition, and 
floor construction should be used. High window sills cause 
All the ground dírect radiation to pass through the walls, 
resulting in a large difference in contributicn compared io 
a low sill situation. In design and construction, low added 
cost items such as filling masonry blocks with sand or mortar 
may ba enployed. 


Heavy additional partitions often may be added to existing 
buildángs without structural modifications by placing the 
partition along colum; lines. Slab-on-grade situations simi- 
larly allow ready modification. The amount of mass and its 
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ixample 8.6 Addition of Mass to Reduce Сгоџп: Contribution 


GIVEN : Unnocified structure below: 





Elevation 


Contribution tnrough the door = „0017 
Contribution through remainder of Sector A = „00029 
Total contribution through Sector А, С.д ^ ‚ 0050 


REQUIREMENT : Reduce contribution through Sector À to Coa) = 0002C 
Exit through доог not required, 


SOLUTICN : 1, Correct leak, the door, by reducing its contribu- 
tion to that of the ¿djacent surface, This may be 
done by providing lOpsf up to detector height, 

2, Recompute сопігісцііоп with leak corrected, 
δρα = .00L65 


3. Determine mass thickness to be added as an interior 


partitions 
Cha By(X; 3") а Сд) 5 (X; 3!) = l3 
У. = 35psf 
ل‎ — — 
1 ср ng 
оер [61 - 


ἴσας fille 
Ja sand _ _ Q 
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location are shelter analyst problems; economical provision 
of this mass is dependent on the skill of the shelter designer 
and is dependent on his ability as an architect or structural 


designer. 
9 e4 TYPE MODIFICATIONS 
8 ehel CATEGORIES 


It is convenient to divide types of modifications into three 
categories: Hasty or Temporary Modifications, permanent Modifi- 
cations to Existing Buil » and Shelter Inclusion in New Design. 
These categroies dc not characterize the degree of protection 
afforded by the use of a specific type modification, as an almost 
unlimited degree of protection could be provided by the use of 

any of the three types. Further, it would occasionally be 
desirable to use a cambination of modification types to most 
economically provide suitable shielding. 


The categories of modification” can be characterized by: 


a. Use and Nature - Hasty or Temporary Modificstions require 
movement cf mass (such as sandbags) to provide shieliing, 
they are ant to by-pass building codes, they may prevent 
normal use of the area, and they generally require storage 
areas for materials. Permanent Modifications and New Design 
provide in-place protection, they mut meet building codes 
(as may be amended for fallout shelters), and they usually 
allow for a normal use of the area. 


be Cost - Hasty or Temporary Modifications usually provide the 
leagt expensive means of providing a given degree of pro- 
tection for a given building design, For a permanent shelter 
it is more economical to include a shelter ir: new design than 
it is to modify the same existing structure +o provide а 
similar shelter. Hasty type modifications should be consider- 
ed for any shelter as ín many cases they will be feasible and 
fully suitable for permanent plannirz, An sxample would be 
the use of sandbags to block bassuert windows or areaways, ¿o 
baffle entrances, or to shield ventilating system radiation 
leeks. 


The selection of the type modification to shicld a shelter re- 
quires ecoranic analysis of possible means of oroviuing а given 
shalter area a given degree of protection. Such ar, analysis, and 
other considerations of degree of risk, possible tiast effects, 
and effect of modificati ons on structire usage or worth, require 
judgement based onthe general Knowledge and professional skill of 
the architect or structural engineer. 
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8.4.2 HASTY OR TEMPORARY MODIFICATIONS í А 


В ,l.2. 1 Philosophy of Enployment 


Hesty or temporary modifications are generally the most econo- 
mical means of modifying an area to provide a given degree of 
protection, The placezent, or planned use of these type 
modifications are suitable in the following situations: 


Δε Permission cannot be obtained to make modifications of a 
permanent nature, 


be Such modifications cannot be made within building codes 
or by altering the use of the affected areas of the 
building. 


с, A mall area must be shielded which cannot be blocked by ( 


permanent shielding, such аз a door, window, areaway, or 
corridor, 


d. The structure owner considers that sufficient time will 
be available after warning to place the shielding. 


e. The modifications are planned or emplaced after the de- 
claretion of a national emergency, imminent hostilities, 
or an outbreak of war. ( 


е. Military construction and use in a theatre of operations. 


Hasty modifications should not be used if it is anticipated 

that warning of attack and arrival of fallout will not allow 
sufficient time for placing the shielding, that the antici- 

pated occupants will be incapable of placing the shielding, 

or that climate will prevent use of the hasty modifications 

in samo seasons. I 


Hasty or tenporary modifications generally involve readily trans- 

ported heavy material with little structural strength. They 

are most adaptible to placement on a slab-on-grade, over 

colum lines, or over foundations. Therefore, a large over- 

head contribution should be avoided to keep cost at a minimum, | 
Ав the large mass for the planned shielding must be stored and ` 
moved into place when required, basement or ground floor shel- kx. 
ter locations ars desirable, š 


Possible uses of these type modifications are limited only by 
the imagination or professional ability of the shelter design- 
ег. Properly planned, such modification can provide protection 
far out of proportion to their cost. This aione should cause 
their consideration in tne planning phase of eny she;ter. 
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8.4.2.2 Sample 8 


Types of hasty or temporary modificstions are too numerous to 
attempt & complete listing ín this handbook, The purpose of 

the list in Table 8,2 is to illustrate sufficient varieties 

of such modifications that the designer can visualize appro- 

priate modifications for the specific shelter under study. 


Table 8.2 Hasty or Temporary Modifications 


Ve —— am —“ 








TYPE VARIATIONS TYPICAL USES 
Earth Other bulk Fill areaways, 
Material 


Berm to cover exposed wali (as for a 
partially buried basement). 

Added overhead mass, as by 

over a fioor up to the capacity of 

the floor. 

Filler between forms, or to go on a 
structural support over a shelter area. 
Filler for hollow blocks. 


Sandbags Sandbags on Uses for buik material given above. 
Pallets Fill window or door openings. 

Vertical walls, with braces and cross 
ties or stacked against a wall. 
Baffle entranceways or corridors. 
Shield ducts or small radiation leaks. 
Shield filter. 
Shield leaks found during shelter 


occupancy. 
Ungrouted Pulleted brick Uses tor Sandbags given above. 
Masonry Block Tile Vertical ма1` з or baffles. 
Block with Structural sunport for а separste 
hollows filled Shelter roof. 
with sand, Compartmentalization within shelter. 
Cans or drums 
to be filled 
with water. 


Structural Steel sections, Support modifications described above, 
Menbers Timber Support maus on a separate ahelter roof. 
Form support or hold bulk mass. 


Precast con- Filled cellular Provide prefabricated walls and roof 
crete steal flooring, for shelter. 
Patented bulk Added masa for woof placement. 
material forms. Close doors, windows, arsaways, or 
cormidors. 
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8 .4.3 PERMANENT MODIFICATIONS TO EXISTING BUILDINGS 


Providing permanent modifications to existing building. presents 
the greatest problems to the designer and is tbe most expansive 
of the type modifications, Details cf such modifications are 
not presented as these may be readily visualized by the shelter 
analyst qualified as a designer due to his architectural or engi- 
neering background. Special considerations are presented in 
Table 8.3 for the shelter planner and type modifications are 
given in Table 8 οὐ to assist the planner or designer to visual- 
ize the shelter. 


Table 8,3 Principle Special Considerations for Permanent Modifications 





NATURE PROBLEM AREAS 


Zoning Building or area capacities. 
Type of construction permitted, 
Extent of lot covered. 


Building, Safety and Problem areas of zoning. 

Fire Codes Construction of partitions. 
Baffling or blocking doors, windows, and 
corridors. 
Required window area and mmber of entrances. 
Ventilation requirements. 
Loading on existing beams, slabs, and columns. 
Numbers of wash and toilet facilities. 
Ешегрепсу fuel storage. 
Storage of supplies und equipment, 


Labor Unions Type of construction to be employed. 
Classification of t;pe of work of varied types 
of modifications. 


Professional Ethics Addition to, or modification of, original plans 
of another architet or engineer. 


Present buildin; vse Change in characteristics or соцрагілепііга of 
shelter area. 
Reduced live: oad capacities of iioors, 
Intsrruption of present use for construction. 
Relocation ο: utilities. 


reimbursement Details of Feleral, State, or local progrenma, 
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Table 8, Type Permanent Modifications 
(Refer also to Paragraphs 3.2 and £8.3) 





RADIATION ENTRY SAMPLE MODIFICATIONS 
Exterior doorway Interior or exterior baffle or maze of same 


mass thickness as adjacent wall, 

Ideal location for hasty sandbag modifica- 
tion, 

Additional interior partition mass thickness. 


Exterior window Modifications for exterior doorway. 
Close with block, brick, or concrete, 


Extorior wall Additional interior partition mass thick- 
ness. en 
Earth berm to highest practical height, or — 
terraces, 


Areaways Modifications for exter.or coor and window. 
Close openings 2nd fill with earth. 
Concrete siab cover at ground level. E. 


Duct or vent openings Modifications fr exterior voor. 


Entries into shoiter Baffle by partitions of mass thickness equal 

area to that of the partition containiag the 
entries. 

Core roof Supported roof over shelter area. 


Added elab or precast slabs on roof. 
Decontamination system installation. TH 


Perinheral rocf and Additional interior partition mass, 
adjacent stories Modifications for core roof, 


8 shel SHELTER INCLUSION IN NEW DESIGN Au 


The principle special considerations for permanent modification A | 
of existing buildings listed in Table 8.3 applies to a slightly . 
lesser extent to new design. New design is less of а problem and δα, 
more economical than permanent equivslent shielding modification 

to an existing building for obvious reasons. Major departure 

from modifications to existing structures occur in the ability of 

new design “с make full planned use of the shielding advantages 

of location selection, to incorporate required overhead or parti- 

tion mass in floors or partitions yet to be built, to provide the 


ur 
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necessary structural capacity, and to avoid the problem areas 


listed for Labor Unions, Professional £thics, and Present }30114- 
ing Use in Table 8.3. 


Desirable location considerations are presented in paregrephs 
8,2 and 8 „3, as are procedures for determining or satisfying 
mass requirements, Shelter inclusion in new design requires 
close integration of shielding analysis skill and professional 
design ability, 


8 .5 MODIFICATION SELECTION PROCEDURE 
8.5.1 MODIFICATION SELECTION SEQUENCE 


Step 1 - Select representative detector location in proposed 
shelter area, 


Step 2 - Canpute Protection Factor for selected detector location. 
Step 3 - Compare required and existing Protection Factors. 
Step 4 - Correct leaks, bring to norm of adjacent surfaces. 
Step 5 - Recanpute Protection Factor with leaks corrected. 


Step 6 - Determine those remaining sources of radiation which it 
is undesirable to correct. 


Step 7 - Correct the remainirg sources of radiation to prcvite the 
desired Protection Factor. 


Step 8 - Select the actual materials to be used to make the 
corrections in Step Το 


Step 9 - Caxpite the Protection Factor for the Modified Shelter. 


Step 10- Check the applicability for the rest of the shelter of 
the Protection Factor found for the detector location. 


8 .5.2 DISCUSSION OF STEPS - (Refer to paragraph 8.5.)) 


Step 1 - A detector location is only chosen to be representative 
of the ahelter area. The Protection Factor will vary slightly 

(15 to 20%) within a shel'er area due to geometry and minor 
structural variations. Excessive variation may be due to leaks 

ог shielding conditions which only affect a portior of the shelter 
area. For such eítustions, the casputsd Protection Factor must 

be verified as being representative, or shielding calculations 
must be maje for seperate detector locations. 
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Shelter location should be chosen to make maximum use of available 
shielding, and to minimize overhead contritut:.on, 


Step 2 - Shielding calculation should be made sy the Detailed Pro- 
cedure in the design of permanent modifications or new construc- 
tion. The Simplified Approximate Procedure may be used for pre- 
liminary calculations, or as an alternative to the Detailed Pro- 
cedure for hasty or temporary modifications. 


Step 3 - Comparison of required and existing Protection Factors 
gives an indication of the magnitude of the task and the nature 
of the shielding that will be required. Extreme variation will 
essertially require a structure within a structure (such as the 
Family Fallout Shelter) with the result that location can be re- 
chosen without regard to existing shielding. 


Step 4 - Leaks ere mmall areas wich contribute a disproporticnate 
amount of radiation to the shelter area (doors, skylights, etc.). 
Leaks are most sccuomically corrected et the opening itself, 
instead of at the shslter limits,and are often suitable for hasty 
type modifications, The correction of leaks normally provides 
the greatest shieldiog benefit per unit cost. As the leaks are 
usually at an exterior surface and excess radiation through that 
surface will normally be corrected by additionel mass thickness 
at the shelter limits, the leaks should only be corrected to pro- 
vide shielding equivalent to that of the adjacent surfaces. Tho 
les: area can then be included with that surface i" any further 
cerzectionr. 


Step 5 - In same situations, the correction of leaks may provide 
sufficient aidtional shielding to meet the required Frotection 
Factor. In any case the Fretection Factor with leaks corrected 
із required for subsequent modification calcuiations. 


Step 5 - Those sources cf radiation should be idantified which 
it is not desirable to correct and whose magnitude nermits the 
requirod Protection Factor to be obtained even without their 
modification. Examples of these would be overhead and minor 
sources cf contributions. 


Step 7 - The sum of the contributions which sre not to be revised 
is subtracted from the maximm allowable reduction factor to find 
the desired total contribution of tie sources of radiation which 
ure to be modified. This is compared to tio as-is contribution 
of these same sources of radiation. 


The roculred mass thickness of an interior partition may be readi- 
ly determined by dividing desired reduction factors by as-is re- 
duction factors. The quotient is the required interior partition 
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barrier reduction factor if there are no interior partitions; 
otherwise, the present interior partitio barrier reduction fac- 
tor multiplied by the same quotient is the required interior 
partition barrier reduction factor, In either case, the required 
mass thickness c 1 be determined directly from Chart 2 , А 
similar ргссейц may be used for deteruining additional mass 
thickness required to reduce contributions fran other sectors, 
the roof, or adjacent stories. 


Step 8 - As the required add‘ „ional mass thickness is determined 
in Step 7 for each sector, the method of construction, and thereby 
the actual mess thickness, should be selected, The n.dified 
contributions for these sectors should be computed using this 
actual mass thickness, ‘This procedure permits most economical 

use of materials, 


Step 9 - The computed Protection Factor for the modified shelter 
Should te within ^. of the required Protection Factor, or within 
other specified limits. Close agreement should be expected as 
new chart readings of reduction factors are ge;erally not re- 
quired in this modification procedure (new reduction factors are 
computed and values of mass are read from the charts). 


Step 10 ~ When the Protection Factor of a shelter is increased 
by several times, contributions whith previously were negligible 
or approximated may be a significant portion of the total contri- 
bution. The analyst must cl.eck these contributions, and differ- 
ences of geanetry, or other shielding, which may cause large 
variation from the modified Protection Factor in other portions 
of the shelter. 
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CHAPTER 9 
ENVIRONMEZNTAL. CONSIDERATIONS 


9.1 GENERAL 


Although a potential shelter area may provide excellent shielding 
from fallout radiation, its worth as a shelter is limited if it is 
poorly ventilated, deficient in sanitary facilities, or too small for 
the number of occupants. 


9.2 AREA AND VOLUME 


The term "capacity" refers to the number of persons that can be 
&ccommodated in a shelter. 


Gross floor area includes such items as columns, fixed equipment, 
and storage space for shelter supplies. ‘The minimum net floor area 
Allowance per person is recommended to be 10 sq. ft. In addition, 
at least 65 cubic feet of volume per person should be provided. 


Shelter capacity or occupancy time may be limited by the volume 
of the room and not by its area. This is particularly true if mechan- 
cal ventilation is inadequate. In many cases, however, interior stair- 
wells, shafts, and ducts would create enough natural ventilation to 
extend stay-time markedly. 


9.3 VENTILATION 


The basic requirement for a shelter ventilation system is that 
it provide a safe and tolerable environment for a specified shelter 
occupancy time. Ір areas of very light fallout, occupancy time may 
be as little as one day. In areas of heavy fallout, it m.y be as 
mucr as 2 weeks or more, but occunants probably could spend some time 
outside the shelter after the first few days. 


The following are important considerations ir the ventilation of 
shelters; 


1. Oxygen supply is generally not a critical factor Carbon 
dioxide is. The carbon dioxide concentration should not 
exceed 3 percent by volume, and preferably should be main- 
tained below 2 percent cy volume. Three cfm per person of 
fresh air will maintain acceptable concentrations uf both 
oxygen and carbon dioxide. 


2. A combination of high temperature and high humidity in a Š 
shelter may be hazarduus. An effective temperature of 85 F. 
should not b. exceeded. 





3. If recommended sanitation and ventilation standards are fol- 
lowed, odors within a shelter should not be unacceptable 
under the short-term emergency situation. 


Based upon the above factors, the following minimum standards 
for ventilation may be used ав guidance. 


l. If no mechanical ventilation is available, a net volume of 
500 eu. ft. per person may be used for estimating shelter 
capacity. 


2. If the shelter capacity 15 based on the minimum space require- 
ments (i.e. 10 sq. ft. ғ d 65 cu. ft. per person), then at 
least 3 cubic feet of fresh air per minute per person is 
required. 


3. If equipment is available for mechanical ventilation st rates 
of less than 3 cfm of fresh air per person, with occupancy 
estimated on the basis of floor area, the net volume of space 
required per person may be determined from table 9.1. 


h. The installaticn of equipment for the artificial cooling of 
air for shelter purposes only should be avoided if possible. 


5. A heating system generally is not essential. Use of blankets, 
heavy clothing, etc., for warmth usually will suffice when 
outside air temperatures ere low. 

TABLE 9.1 - Relation of space requirements to ventilation 


Volume of space 


l required per 
Rate of air c e (minutes erson 
τ στ σαντο, 

1,0004 . 
BOO жр oue 
ДОО <a: тъче --ν š E O O a E 
200. š 
100. о: Я š "EC 
бо... — die nA ees 
35v x acd ^s — 


CO. cy a O το. в ο πμ ο ОЕ: 
τς πεις Net volume of 
omputed as the ratio, Net volume o 

Fresh air supply (cfm 





EXAMPLE for table 9.1, "Relation of Space Requirements to Yentilation" 
Given: 
A potential shelter area with clear floor dimensions of 60 by 90 
ft., and a ceiling height of 10 ft. 
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Find: 
1. Tbe capacity: based upon adequate ventilation (3 cfm or 
more of fresh sir per person), at least 10 sq. ft. of floor 
area per person., and at least 65 cu. ft. of space per person. 


2. The capacity: based upon no ventilation {cfm or less of 
fresh air per person) and 500 cu. ft. of space per person. 


3. The capacity: based upon ventilation with 270 cfm of fresh 
air supplied by & blower. 


Solution: 


1. Floor area=60 x 90=5,400 sq. ft. 
Volume=5,400 x 10=5%,000 cu. Jt. 


Capacitys?,!00-5h0 persons 
10 -- 
or 


1 
Capac унд 0500530 persons 


(The smaller capacity, 540 persuns, governs.) 


2. Volume-54,000 cu. ft. 
Capacit A 108 persons 


3. Volume, V=54,000 cu. fi. 
Fresh air, Q»2TO cfm 


Ratio," z200 min. for air change 


From table 3, when va, the r-quired space per 
persons3O0 cu. ft. 


Capacit : 000 180 persons 


9.4 FILTERS 


Weatherproof air intakes should be rrovided for the ventilation 
systems of all sheiters to keep out rain and falicut particles. For 
home shelters with hand-operatec blowers, a simple hooded intake is 
considered sufficiert. For larger shelters, however, fresh-air in- 
take velocities of mechanic::] ventilation systems may be high enough 
wo draw fallout particles into the sheiters. Therefore, alr filters 
capable of removing at least 30ξ of 50 micron particles should be 
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installed. High-efficiency filters that would remove submicron sizes 
of particles are not required for fallout shelter. 


If filters or plenum chambers where radioactive particles can 
accumulate are in or adjacert to a shelter area, they should be 
shielded. The following із a guide for sizing the filter shields. 
wlich may be walls, or floors above or below the filter: 


Intake(cfm) Mass thickness(psf) 
100 40- 60 
1,000 80-120 
10,000 160-20 


9.5 МАТЕР SUPPLY 


A supply of potable water is essential. At least 35 gallons 
must be readily available to each occupant. In addition, it is 
highly desirable to have extra water for hygienic purposes. 


Water storage containers should be non-breakable and may be kept 
within the shelter itself or in nearby readily accessible areas of 
the building in which the shelter is located. 


A reliable well in or adjacent to the sheiter area is the best 
source of supply. However, if it can be assumed that the normal 
public water supply will be available under war-emergencir conditions, 
consideration may be given to its use. Before relying on this source 
for drinking water, it should be ascertained that the water would be 
uncontaminated and that the treatment апа pumping plant would be in 
operation. This requires fallout sholter for the operators and an 
&uxiliary power source if there is likelihood that normal power 
would be disrupted. If the public water supply is from wells, there 
would be less danger of contamination by radioactive particles. 


Colloidal and soluble radioactive isotopes could be hazardous if 
sufficient quantities of fallout contaminate a water source. Exposed 
surface sources such £s reservoirs of public water systems are the 
most vulnerable to this type of contamination. Use of water from 
these sources may be dengerous for drinking, but not dangerous for 
such uses as washing or flushing. 


To determine the overall water supply available to a sheiter 
area, both outside scurces and those within the building should be 
considered. А most desirable type of outaide source would be a 
large covered vater tower or reservoir which is connected to the 
building by a gravity piping system. To determine actually how much 
water would be available to a given shelter area, a general analysis 
must be mule of all potential users that would be dependent upon 
this outside source uring an emergency. 
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In larger buildings, water ір hot water tanks, fire reserve 
tanks, house storage tanks, or in the piping systems may be a good 
rescurce. However, water from each source should be checked to see 
if it 1s potable. Іп residences, hot water tanks are excellent 
sources of potable water; and if ample warning is received, bathtubs 
and sinks could be filled before the arrival of fallout. 


9.6 SANITATION 


Because of the confined and crowded living conditions that shel- 
tering might require, sanitation could be a major problem. 


Personal. cleanliness would have to be encouraged. Metal or 
Plastic hand basins, with buckets for water distribution, would be 
adequate. 


In family shelters, human waste may be disposed of through use 
of newspapers, plastic bags, or other disposable containers. These 
would then be deposited in tightly covered containers. A sultable 
type of chemical toilet may also be used. 


In the larger group shelters. regular or austere flush-type 
toilets, or chemical toilets, saould be available оп the basis of 
1 per 25 cccupants. Half of these may be outside the shelter area 
if readily available in other parts of the building. 


Trash and garbage should n^ юе allowed to accumulate. While 
inside the shelter, it should ept jn tightly covered containers; 
and it should be deposited out. ο the shelter area as often as 
necessary. 


9.7 ELECTRIC POWER 


In all but family and small group shelters, electric power may 
be needed to operate motors and to provide light. The greatest load 
probably would be for the ventilation system. If a special emergency 
ventilation system is installed, fan motor power requirements may be 
kept to a minimum. In many савез, it may be more desirable to modiry 
an existing ventilation system. Їп this case, the minimum power 
requirement must be determined by the size of the existing fan motors. 
This may be far more than the basic emergency system requirements. 


Other electrical motors that may be required for larger group 
shelters include those for u water well pump and u sew:ge ejector 
pump. 


Lighting ів not a critical factor in electric... power requirements. 
A minimum illumination at floor level of only 5 fcot-candles should be 
sufficient for mst or the shelter area. Sleeping areas require 2 foot- 
candles at floor level und administrative and medical areas require 
20 foot-candles at desk level. 
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The best source of emergency electric power lg an engine- 
generator set with а 2 week supply of fuel. The relative merits of 
gasoline, diesel, and liquefied petroleum gas engines should be care- 
fully considered. Initial cost is important, but so are local code 
requirements, ease of meintenance, dependability, safsty of opcrution, 
and storage characteristics of fuels. 


Emergency engine-generator sets shall have separate vents and be 
heat-isolated from the main shelter chamber. Special consideration 
must be given to the manner of installation of engine-generator seta 
and fuel tanks to minimize hazards from exhaust gases and fires. 


The capacity of emergency engine-generator sets may range from 
1 to 10 kilowatts per 100 shelter occupants, depending upon lighting 
and equipme 5 requirements, and dependability of outside power. 
Normally, the requirement would be in the lower half of this range. 


If tbe power station has fallout protection, and operational 
plans provide for the continued operation of the station under fall- 
out conditions, it may be assumed that electric power would be avail- 
able. Under such circumstances the fallout shelter will not require 
emergency power. 


9.8 ENTRANCES AND EXITS 


Entrances, exits, and other openings can markedly affect shelter 
category and capacity--for example, large garage-type doors in the 
basement walls of many commercial buildings. Doors of this type, 
used for belowground shipping service and parking areas, have low 
mass thicknesses and are in exposed positions. This can result ina 
low protection factor for hasement areas where the factor might other- 
wise be high. 


Baffle walls can be used to shield entryways and other openings. 
In any given instance the baffle wall should be of a mass thickness 
that will provide the cutegory of protection desired for the shelter. 
In most cases this mass thickness should be equivalent to X, or Xy, 
whichever is appropriate. Exceptions to this will Le those cases 
"here the mass thickness of X, or Xy із extremely high (e.g., а 
granite vall 3 feet thick). 


In some cases, otairwelle entering shelter areas have open sides 
and it may be necessary to provide shielding walls to enclose them. 
In general, the mass thickness of these walls пе і not be greeter 
than 100 psf. 


Accessibility may affect fill-time of s зһе тег. Ав an example, 


the basements of some large buildings may in themselves have high 
capacity. However, these same areas may be served chiefly by 
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elevators and may have only one or two narrow stairways for entry. 
In an emergency, the elevators may not runetion, aud fiil-time would 
be lengthened appreciably. 


local fire codes may be useful in determining accessibility and 
fill-time. In regard to these two factors, however, it should be i 
kept in mind that a heavy concentration of fallout is not likely to x 
occur immediately following the explosion of & nuclear weapon sore 
distance away. 


9.9 HAZARDS 


Sometimes areas that offer good protectior from radiation are 
used for storage of dangerous materi^ls or have other dangerous 
conditions. 


wie of the „azards io look for are storage of explosives, or 
highly combustible materials such as paints, varnishes, and cleaning 
fluids; or exposed high-voltage equipment. 


If the amount of dargerous material in storage ів small and 
readily movable, or the hazard can Lc isolated, the capacity rating 
of the shelter should not be affected. 


Hazardous utility lines such as steam, gas, etc. should not be ЖҮ 
located in or near the shelter area unless provision is mace to 
elininate such hazards before the shelter is occupied. 


All shelters shall be constructed to minimize the danger of fire 
from both external and internal sources. 


9.10 OTHER CONSIDERATIONS 


Provisions shall be made to insure the shelter interior will 
remain reasonably dry. when necessary, such items as surface, peri- 
meter and subgrade drainage, Jamp-proofing and water-proofing shall 
be accomplished. 


Appropriate provisions shall be made for use of ordinury buttery- 
operated radios. This may require installation of suitably designed 
ar. Lenna. 


Provision shall be made for the prevention of infestation of the 
shelter urea by insects, rodent,, ur other pests. 


iu areas subject to high ground water conditions, provisions shall 
be made to prevent flotation of the shelter. a" 








General provisions shall be made for the storage of basic shelter 
supplies by allotting at least one and one-half cubic feet per person. 
These supplies may include such items as water, sanitary kite, medi- 
cal kit, radiation meter and food. 
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CHAPTER 10 
MECHANICAL EQUIPMENT REQUIREMENTS 


Frank C. Allen 
Member ASHRAE 
Office of Civil Defense 
Department of Defense 


This is a paper presented cn June 26, 1962, as 
a part of the Survival Shelters Symposium dur- 
ing the 69th Annual Meeting of the American 
Society of Heating, Refrigerating and Air- 
Conditioning Engineers. 
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SURVIVAL SHELTERS 


MECHANICAL EQUIPMENT REQUIREMENTS 


INTRODUCTION 


In the fluid world of today and tomorrow, adequate and accessible 
shelter for the people is an essential part of a program to assure our 
survival as a free nation under any realistic eventuality, including ^ 
the widespread effects of nuclear warfare. For this purpose the shelter 
structure is the basic protective element. The structure must provide 
at least the necessary shielding against the insidious effects of residual 
nuclear radiations from fallout. This kind of protection would probably 
be sufficient in most areas and, by taking advantage of che inherent 
shielding afforded by many existing buildings, can be attained quickly 
at relatively low cost. However, it is technologically feasible to extend 
the capabilities of shelters for protection against other weapons effects 
such as blast overpressures, initial nuclear radiations, atmospheric con- 
taminants and raging or smoldering fires. If we hypothesize that the 
concepts which determine our defensive posture are not static, changes 
in emphasis on various aspects of civil defense, including shelter 
requirements, can be expected. Under continuing research and develop- 
ment programs, ways and means are being explored and evaluated on the 
basis of cost-effectiveness to satisfy possible long-range conditions 
as well as to provide better or more economical systems, methods, materials 
and hardware for meeting requirements in the immediate future. 
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No structure is a worthy shelter unless it is habitable during the 
necessary period of occupancy. As one facet of habitability, the physical 
environment must be maintained within reasonable limits of human toler- 
ance with respect to thermal characteristics and chemical composition 
of the air. We will consider herein the major parameters and how the 
physical environment can best be controlled in a shelter which must, by 
reason of economy, be austere but acceptable to people faced vith a 
situation in which survival may depend upon this protection. It is a 
thesis of this discussion that a shelter can be planned to facilitate 
changes which enhance its protectíve capabilities and yet be constructed 
and equipped initially to acceummodate a lesser objective within a limited 


budget. 
GENERAL CONSIDERATIONS 
Apart from the effects of enemy attack, there are many interdependent 


variables which affect the physical environment in which man must live, 
and the importance of some of these variables is accentuated by the inherent 
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nature of a shelter and the abnormal conditions under which it may be 
occupied. Some factors which influence or reflect the thermal and 
chemical environment in any occupied shelter are as follows: 


l. Time of stay ín shelter. 
2. Number of occupants. 
3. Metabolic characterisitcs of the occupants with respect to 


sensible and latent heat generated, oxygen consumption, 
carbon dioxide produced, size, sex, age, and activíty. 


4. Phystological and psychological reactions of occupants to 
the immediate situation. 


5. Temperature and humidity in shelter space. 


6. Clothing (insulating properties, absorptivity). 


— 
“πα 


7. Diet (solid and liquid), including drinking water. 


8. Interior heat and moisture sources other than people, such as 
lights, motors, and cooking appliances (continuous or intermittent). 


9. Initial conditions of the shelter environmeat and its surroundings 
(temperature distribution, moisture). ` 3 


10. Rate and method of ventilation with fresh and recirculated air — 
(air conditioning, air motion). 


11. Size and configuration of the shelter with relation to interior 
surface area, volume, geometry, and exposure, 


12. Temperature and humidity of fresh air or air supplied to shelter 
spacc. 


ساد د 


13. Temperature aad humidity of air leaviug the shelter. | 
14. Interior surface temperatures and moisturc condensation. 


15. Weather conditions with respect to variable temperature, 
humidity, solar radiation, wind, and precipitation. 


16. Thermal properties of the shelter and surrounding materiale 
(conductivity, density, specific heat, diffusivity, moisture 
content). 


17. Thicaness and thermal properties of cover and shtolding materials. 


| 
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18. Heat flow from adjacent structures or heat sources. 


The engineer must first of all distinguish between a structure which 
is intended for use only as a shelter and one which has alternative uses. 
The design of mechanical systems and selection of equipment for other than 
Shelter purposes must be governed by building code or local regulatíons 
for normal occupancy of such spaces, and the systems must then be adapted 
as necessary for shelter use. 


THE CHEMICAL ENVIRONMENT 


Air Vítiation, The normal air components with which we are primarily 
concerned In shelters are oxygen, carbon dioxide and water vapor. , Some 
degree of control must be provided for tliese constituents in shelters or 
any occupied space. We can also consider and provide appropriate measures 
to protect against the hazards of radioactive fallout particulates and 
other air-borne toxic, noxious or pathogenic contaminants such as carbon 
monoxide, hydrocarbon vapors, odorous substances and chemical or biological 
agents, 


Àn approximate relationship between physical activity, energy 
expenditure, oxygen consumption, carbon dioxide production and rate of 
breathing is shown in Table I with reference to the "average" man. 


TABLE I 


ENERGY EXPENDITURE, OXYGEN CONSUMPTION, 
CARBON DIOXIDE PRODUCTION AND RATE 
OF BREATHING IN MAN 





Physical Energy Oxygen Carbon Rate of 
Activity Expenditure Cons‘mption Díoxide , Breathing 
Production 
Я Btu/Hr CuFt /Hr CuFt /Hr CuFt /Hr 

E Prone, at rest 300 0.60 0.50 15 
Seaced, Sedentary 400 0.80 0.67 20 
Standing,Sctrolling 600 1.20 1.00 30 
Walking, 3MPH 1000 2.00 1.67 50 
Heavy Work 1500 3.00 2.50 75 








Oxygen depletion and carbon dioxide buildup are of little concern in 
properly ventilated shelters, but are important considerations in poorly 
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ventilated, unventilated or sealed shelters. Oxygen concentrations below 
16 per cent and carbon dioxide concentrations above 2 per cent by volume 
are objectionable, and distress due to these factors would be increased 
if the abnormal conditions occurred simultaneously or if the time of 
exposure were prolonged. Oxygen concentrations below 12 per cent and 
carbon dioxide concentrations above 5 per cent by volume may be acutely 
dangerous. A limiting concentration of carbon dioxide will develop 
before oxygen is depleted to a correspondingly restrictive level, that 
is, unless means arc used to absorb carbon dioxide without replacing 
oxygen. For prolonged occupancy, the intake of fresh air should be suf- 
ficient to maintain a carbon dioxide concentration of less than one per 
cent by volume, 


Figure l shows the relationship between the concentration of carbon 
dioxide and. oxygen in occupied spaces, the rate of ventilation per person, 
the volume of space per person and the time after entry. This chart is 
based upon an oxygen consumption of 0.90 cu. ft./hr/person and a carbon 
dioxide emission of 0.75 cu. ft/hr/person, which would be representative 
of people in confined quarters. 


The example shown by dotted lines indicates that a carbon dioxide 
concentration of 3.50 por cent by volume will develop in 10 hours ín an 
unventilated shelter having a net volume of 235 cu. ft./person and that 
the oxygen content of the. air will then be 16.25 per cent by volume. 


Control of the chemícal environment. Ventilation with pure outside air 
is the most economical method for maintaining the necessaiy chemical 
quality of air in a shelter. The recommended minimum ventilating rate 
of 3 cfm per person of fresh air will maintain a carbon dioxide concen- 
tration of about 0.50 per cent by volume in a shelter occupied by 
sedentary people. However, it should be noted here that an air replace- 
ment rate of 3 cfm per person is not in itself sufficient to limit the 
resultant effective temperature to 85° F unless the supply temperature 
is less than about 45° F, This subject will be considered more fully 
in the discussion of the thermal enviconment. A capability for main- 
taining a conservatively low concentration of carbon dioxide and a 
correspondingly safe concentration of oxygen in a shelter has a number 
of advantages, including one or more of the following: 


1. А longer stay time is gained for continued occupancy after shut- 
down of a ventilating system because of fire or for repair of 
disabled equipment. 


2. Intermittent operation of a manual ventilating blower may 
become practicable. 


3. Greater physical activity in the shelter becomes permissible. 
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4, Environmental conditions with respect to temperature, humidity, moisture 
condensation, air distribution, air motion and odors, as well as oxygen 
and carbon dioxide may be improved without supplementary apparatus, 


Due to the effects of winds and variations in settling velocities, fall- 
out from the high-altiiude radioactive cloud formed by a nuclear detonation 
is distributed downwind in accordance with particle sizes. Particles having 
mean diameters less than about 50 microns undergo much radioactive decay dur- 
ing their prolonged descent and would probably be deposited beyond the acutely 
hazardous area. Particles having mean diameters more than 100 microns or 
terminal velocities higher than 150 ft/min can be largely excluded from a 
ventilating system by a suitable air intake fixture of reasonable dimensions. 
Tt is apparent that filters for the fresh air supply can in some degree con- 
tribute to the protection afforded by fallout shelters, particularly if the 
occupied spaces are shielded by an intervening wall from radioactive particles 
accumulated by the filters. Although relevant observations indicate that 
substantial amounts of radioactive fallout particulates are not likely to 
enter a shelter via the ventilating system, more conclusive information is 
being pursued to evaluate tbe significance of this mode of contamination and 
to compare tne cost-effectiveness of alternative procedures for improving 
shelters. In general, any air filtering requirement in fallout shelters 
is for apparatus to remove particles larger than 10 microns with a gradated 
moderate to high efficiency rather than to remove sub-micron particles with 
very high efficiency. Air filters increase the effort needed to operate 
& blower with a manual drive and may be omitted in small fallout shelters. 


For a situation wheiein the outside air is contaminated by pathogenic 
organisms or toxic gases, either suitable gas-particulate filters ma; be 
provided or the ventilating system should be shut down temporarily. Due 
to the presence of heated air and carbon monoxide, shutdown of the venti- 
lating system may also be necessary during the course of a fire adjacent 
to a fresh air intake opening. A closed environmental or life support 
system is indicated for prolonged periods without ventilation. When a 
ventilating svstem is shut down, pressucization of the space is lost, and 
the shelter must be well sealed to prevent the infil.ration of contaminated 
outside air. 


Intermittent Blower Operation. To maintain the chemical quality of air in 

a shelter with minimum effort, a manually driven blower having rore than 
minimum capacity can be operated intermittently. Answers to sore questions 
about operating scheaules can be readily obtained from Figure 2. On this 
chart the minimum ventilating rate in cfm p. verson of iresh air is equated 
to the ninimum blower operating time expressea as a percentage of an ON-OFF 
cycle time, and the net free volume of shelter space in cubic feet per per- 
son is equated to the maximum blower shutdown tim expressed ss a percentage 
of the same ON-OFF cycle time. The chart is based on a carbon dioxide pro- 
duction rate of 0.30 cubic feet per hour per pe: оп, and a carbon dioxide 
concentration which varies during the cycle between the limits of 0.67 aac 
2.00 per cent by volume. 
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In the example shown by dashed lines, ít is known that the volume of 
free space in a shelter is 88 cubic feet per person. The blower may then 
be operated on a 2-hour ON-OFF cycle if the installed blo-er capacity is 
4.3 cfm per person or more, with a minimum ON time of 27 per cent or 32 
minutes and a maximum OFF time of 73 per cent or 88 minutes. If the venti- 
lating rate is greater than 4,3 cfm per person or if the ON time is more 
than 27 per cent, the maximum carbon dioxide concentration will be cor- 
respondingly less than 2 per cent by volume. 


THE THERMAL ENVIRONMENT 

Heat and Moisture Sources. Some oi the internal heat and moisture sources 
in shelters are the people, lights, cooking appliances, radíos, motor-driver 
equipment and auxiliarv power apparatus, Heat resulting from human metabo- 
lism must be almost continuously removed from the body. While the body can 
store heat temporarily, this produces a rise in body and skin temperatures 
and results in progressively increasing heat stress. Heat storage is nec- 
essary in a warm humid environment when a state of equilibrium between the 
energy expended and the total heat loss cannot be attained at a normal 

body temperature. Activities to be expected in shelters would probably 
lead to per capita energy expenditures within the range of 300 to 600 Btu 
per hour with a mean of about 400 Btu per hour. However, the daily aver- 
age energy expenditure would probably be less than 400 Btu per hour per 
person because of the reduced metabolic rates for sleeping people and 

small children. An effective temperature of 85" Е is about the maximum 
condition under which the energy expended by mildly-active persons can be 
removed from the body without heat storage, and is the recommended maxi- 
mum inside design condition for shelters. With still or slowly moving 

air, severai combinations of temperatures and humidity fcr which the 
effective temperature is 85 F are shown in Table II. Moisture can be 
expected to condense on interior surfaces having a temperature below the 
indicated dewpoint temperature of the air. 


TABLE II 
TYPICAL COMBINATIONS OF AIk CONDITIONS 
FOR WHICH 
THE EFFECTIVE TEMPERATURE IS 85°F 





Effective Dry-Bulb Wet-Buib — Dew-Point Relative ο 
Temperature Temperature Teiperature Temperature dumidity 
ο ο ο 1 
F F F °F A 
BS ч — аз C 109 m 
85 90 82 32 72 
85 95 79 7: 50 


85 100 7 vé 34 








The partition of total heat loss from the human body into sensible 
heat and latent heat is largely dependent upon the dry-bulb temperature 
of the environment. For a nominal heat loss of 400 Btu per hour per per- 
son, Table III shows a probable relationship betweon the dry-bulb temper- 
ature, total heat loss, sensible heat, latent heat, and amount of water 
evaporated. The tabulated values are derived from several sources and 
are suggested as representative for a sedentary or mildly-active adult 
person wearing optimum clothing: in thermal equilibrium with the rather 
humid environment of a ventilated shelter. At temperatures abrve 85°F, 
the quantities for moisture evaporated may not be attainable if the 
relative humidity is high, and the resultant deficiency in latent heat 
loss would then cause the body temperature to rise. The validity of 
the sensible heat losses at dry-bulb temperatures below 70 F is contingent 
upon the addition of appropriate layers of clothing to maintain normal 
skin temperatures. A person weating inadequate clothing would react to 
a chilling effect as the ewironmental terperature falls below 70° Е, 
and the attendant values of trtal and sensible heat losses would then 
be considerably higher than those shown in Table III. The quantities 
of water evaporated are related to the requireme* for drinking water 
in shelters at various environmental temperatures. 


TABLE III 


RELATIONSHIP BETWEEN AIR TEMPERATURE 
HEAT LOSSES AND MOISTURE EVAPORATED 
FOR AVERAGE SEDENTARY MAN 
WITH OPTIMUM CLOTHING 


Dry-Bulb Total Heat Sensible — Latent D Moisture 
Temperature Loss * Heat Loss Heat Loss Evaporated 

°F Btu/hr Btu; ir Btu/hr Lb/Hr 

T PESE 400 350 50 0.648 

45 400 350 50 0.048 

50 400: 350 50 0.048 

55 &00 350 50 0.048 

60 &G0 3&5 55 0.053 

65 400 335 65 0.062 

70 400 320 80 0,077 

75 400 300 100 0.096 

80 ^00 270 120 0.125 

85 409 220 180 0.177 

20 &00 120 280 0.269 

95 &00 20 іно 0. ie» 

100 400 -RO 440 0.46] 

105 40€ -180 580 0.557 

110 400 -280 640 0.55) 





*406 Btu/tir is equivalent to 117 watts 





Ф d 
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Under emergency conditions, illumination can be reduced to a low 
level, if necessary, with a resultant heating effect of 0.50 to 1.00 
watts per square foot of floor area. Heat and moisture from other sources 
can be removed directly without affecting tbe living and bunking areas by 
a simple exhaust system or by grouping the utility areas to best advantage. 


There are three more-or-less distinct procedures which пау be used 
to control the thermal environment in a shelter during warm or humid 
weather: (1) cooling by forced or natural ventilation with outside air, 
(2) cooling by the effects of heat conduction into the surroundíng earth 
and (3) mechanical cooling and dehumidifying with refrigeration or well 
water, Various combinations may be utilized. In general, only method 
3 provides positive and reliable control of temperature, humidity and 
moisture condensation. 


Cooling by Ventilation. The curves ín Figure 3, can be used to estimate 


the ventilating air requirements for control of environmental conditions — 
in eccupied spaces. On this chart various per capita rates of ventila- í 4 
tion are plotted as a function of outside and inside dry-bulb temperatures Ys 


and upon this background are superimposed the 50, 60, 70, 80 and 909 F 
still-air inside effective temperature curves for outside air relative. 
humidities of 25, 50 and 75 per cent. The 70° 7? inside effective temper- 
ature curves for outside relative humidities of O and 100 per cent are 
also shown. The heat and moisture loads upon which this chart is based 
consist of the sensible and latent heat emitted by a man seated at rest 
plus 20 Btu/hr/person for low level lighting, that is, about 6 watts 

per person. Other internal heat loads and the transient cooling effect i 
of earth conduction are not considered, i oe 


The chart may be used to estimate the supply air quantity, temperature 
and relative humidity necessary to maintain a given effective temperature 
in a shelter. For instance, an effective temperature of 80° F can be main- 
tained in a shelter with 15 cfm of air per person distributed at a dry- 
bulb temperature of 78° F and 50 per cent relative humidity. The dry-bulb 
temperature in the shelter would be 88° F, 


Convenient data are plotted in Figure 4 to show the quantities of out- 
side air required at various dry-bulb temperatures and relative humidities 
to maintain an inside effective temperature of 85° F, Similar data are 
plotted in Figure 5 to show the quantities of outside air required at 
various dry-bulb temperatures and relative humidities to maintain inside 
effective temperatures of 809 F and 90? F, The curves graphically illus- 
trate the limitations for adequate cooling by ventilation during hot weather, 
particularly when the outside air is humid. 


w. ш 


The curves in Figure 4 show that 3 cfm per person of fresh air, which 
was sufficient for controlling the chemical environment could not without 
supplementary cooling maintain an inside effective temperature of 859 p 
or less, when the outside air temperature’ is higher than about 45? p, 
The curves in Figure 5 show that, with 3 cfm per person of fresh air, 
inside effective temperatures of 80? p or 909 F can be maintained only 


when the outside air temperature is less than about 30? F or 609 F 


A 
— 


| 10312 


Y 


Ñ... MARO Ma ы уу SA‏ — — — می کہ چو چ ور مر صر و و 


€ ‘Old 
$32WgS 03/1220 NI SNOILIGNOD | 7TVIN 3HNOMWIAN3 
30 7JO&SINOO ἑΟ5 SLNINGSINOIY SIV 9NILV TIN JA 
(4 93369360) JUNLVYIANIL TING-AYC 30/5170 


од! он οοι 06 og 02 o9 os ον oç ог о: 9 
П μα : — 









zT 
"a | 





SNI1H9"1 13A31 MO УОЗ 
NOSU3d/HH/NLE O2 2014 

ss 4538 LY 031V3S SNOSM3d 
Οἱ 350 64701 1УЗН 

1N31V1 СМУ 3181SN3S 

оэ + —— 


92 ----------- | 








χος —————— 
S9 κ *s2 Ed nuca c T | 


MY 3015170 
3O ALIGINDH 3ANLVTIN 











$ 
(4 533930) 3uiyu32m34 BING-AYO IONI 





ca rpvererteeerpgtet 
ο 
= Q 





respectively, Thus ít is apparent that 3 cfm per person of outside air 
is not sufficlent by itself to maintain an effeccive temperature of even 
90°F during a significant proportion of the year. It can be said explíc- 
itly that an air replacement rate as low as 3 cfm per person is adequate 
only when (1) the cutside air temperature is low, (2) the cooling effect 
due to earth conduction is high by virtue of a combination of a large 
interior surface area per person, a low initial earth temperature and 
favorable soil conditions or (3) supplementary cooling or dehumidifying 
apparatus is p-ovided using mechanical refrigeration or well-water heat- 
transfer coils. 


Come representative values from the curves of Figure 4 and Figure 2 
are shown for comparison in Table IV. An inspection of the tabulated 
values leads to the conclusion that the recommended maximum effective 
temperature of 859 F or less can be maintained in a shelter with a 
ventilating rate of about 15 cfm per person in most localities, except 
during extreme conditions of temperature and humidity. Witi. lower rates 
of ventilation, supplementary cooling or dehumidification would often bc 
required. Under favorable conditions the necessary supplementary cool- 
ing can be provided by earth conduction effects. During cold weather 
the intake of fresh air should be reduced as necessary to avoid over- 
cooling, preferably by recirculating part of tlie air rather than by 
reducing the total rate of ventilation. 


TABLE IV 
QUANTITY OF AIR REQUIRED FOR 
COOLÍNG A SHELTER BY VENTILATION 


(СЕМ PER PERSON) Ἢ 























Inside Supply Air Relative Humidity 
Effective Dry-Bulb of Supply Air 
Temperature Temperature ("er Cent) 
(9F) (°F) 

25 50 75 
80 75 8.4 12.0 18.4 

80 11.2 18.8 * 

85 16.6 * * 

90 * w * 

95 * * * 

85 75 5.2 6.7 8.7 

80 5.9 8.5 12.7 

85 7.0 12.4 24.0 

90 9.0 22.5 * 

95 13.6 * * 
TT μμ — — —7 
80 3.8 &.9 6.3 

85 4.3 6.0 9,9 

90 4,3 8.0 17.0 

ον τι RENTEN. E a a ا‎ 
*Values greater than 30 cfm per person = 
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Earth Conduction Effects. The relatively cool soil or rock surrcundirg an 
underground shelter would absorb heat at a rate which is high at first, but 
the rate would diminish with rime as a temperature gradient is established 
in the adiacent material. The heat absorption is acconpanied by a rise in 
temperature of the interior surfaces. his transient effect provides appre- 
ciable supplementary cooling which retards the rate at which the shelter 
temperat re rises. An analytical study has been mede of the ea-.th conduc- 
tion effect alone ror three sizes of s.elters and five types of adjacent 
soils, using a computational method fcr heat transfer in deep underground 
chambers inc;;ded in the Corps of Engineers Manual, "Heating and Air 
Conditioning of Underground Installations." This methzd considers two 
cases: (1) a constant heat input and (2) a constant maintained temperature 
in the chamber. Data on the shelters ani soils studied are tabulated in 
Figure 6. Most fill materials would have significant thermal properties 
within the range represented by Soils M2 and M4, that is, thermal dif- 
fusivi: es between 0.020 and 0.040 Sq Ft/Hr, and thermal conductivities 
between 0.50 ard 1.40 Btu/(Hrx Ft x F). The heat lcad in all three 
shelters is assumed to be 400 P-u/Hr per man plus 2 Btu/Hr per square 

foot of floor arca for low level lighting. The results of the study 

are plctted as curves on Figures 7, 8, 9 and 10. 


Figure 7 shows the effects of unit surface area on the time required 
to reach an effective temperature of 85? F in 2, 7, 14 and 30 days for two 
Soil types, M2 and M4. For example: In a .-dium shelter with soil type 
M2, an initial earth temperature of 64.6? F, and en inside surface area of 
87 sq.ft/man, an effective temperature of 85° F would be reached in 7 days. 
The unit „eat load ів 5.2 Btu/hr per square foot of surface. With the same 
soil type and initial earth temperature, and an inside surface area of 122 
Sq.ft/man, an effective temperature of 859 F would be reached in 14 days. 
The unit heat load would be 3.9 Btu/Hr per square foot of surface. 


Figure 8 shows the effects of various soils on the unit area of 
Surface required to avoid an effective temperature higher than 859 F in 
14 days in a medium shelter. For example: With soils M2, M3 and M4, 
and an initial earth temperature of 61.4? F, the required unit surface 
areas to just reach an effective temperature of 85" F in 14 days would 
be 103, 65 and 47 sq. ft/mau re pectively. The corresponding unit heat 
loads would be 4.5, 6.8 and 9.2 Btu/Hr per square foot of surface. 


Figures 9 and 10 illustrate the difference in earth conduction effects 
between the small and large shelters. For example: With soil М3 and an 
initial earth temperature of 64.59 F, an inside effective temperature of 
859 F would be reached in 14 days if the inside unit surface area is 66 
and £6 sq.ft/man respectively in the small and large shelters. The cor- 
responding values for unit heat load are 6.5 and 5.5 Btu/Hr per square 
foot of surface. 
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It 18 apparent from a study of the curves in Figures 7, 8, 9 and 10 
that the thermal properties of the soil, the initial earth temperature and 
the stay time in « sheiter have an important effect upon the interior unit 
surface area recuired far the adequate removal of heat from underground 
shelters by earth conduction. The conductive cooling effect in shelter 
roofs having sha:low cover would be reduced in warm weather, and to a 
greater degree i£ the upper surface is exposed to solar radtation. 


Since the interior surface area per person tends to decrease as the 
size of a shelter increases, the contribution made by earth conduction 
effects to cooling requirements becomes proportionateiy lesz in large 
shelters. However, earth conduction effects may be sufficient in con- 
junction with adequate replacement of the air to maintain a habitable 
physical environment in an underground survival shelter. Therefore, 
under favorable conditions the necessity for providing a more expen- 
S.ve system can be avoided. 


Mechanical Cooling. An environmental control system which uses either 


mechanical refrigeration or well water for cooling and dehumidifying has 
a number of advantages including the following. 


l. Temperature and humidity can be controlled within any desired limits. 
2. The system can function effectively during hot, humid weather. 
3. | Moisture condensation can be eliminated. 


4. The amount of fresh air required and the size cf the ventilating 
openings can be minimized. 


A well and pump for potable and cooling water is most desirable ín a 
shelter for other purposes as well as domestic uses. Air cooling anc 
dehumidifying with water coils can be accomplished at low cost with well 
water, Well water can also be used to cool refrigerant condensers and to 
cool emergency engine generators either directly or with an auxiliary heat 
exchanger. Air cooling with mechanical refrigeration may be necessary in 
Some climatic locations where cooling is essential and lower cost methods 
are not feasible. 


Adjacent Fires. If the air intake fixture for a shelter ventilating system 
is close to a fire or smoldering materials, temporary shutdown of the sys- 
tem might be necessary to prevent the ingress of carbon monoxide and heated 
air. Also, heat from a fire or smoldering rubble on the ground above a 
shelter might penetrate the cover materials and overheat the shelter space. 
Figure 11 shows the ratio of the temperature rise of the inside surface to 
the initial temperature difference as a function of time for cover materials 
having thermal diffusivities of 0.02, 0.03 and 0.04 sq. ft/hr. For example: 
if the fire temperature is 1500? F, the initial temperature of the cover 
material is 60°, and the thermal diffusivity is 0.03 sq. ft/hr, the inside 
Surface temperature ríses of a 2-foot thick cover after 8 and 16 hcurs are 
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0050 :: 1440 = 139 F and 0.083 x 1440 = 120? Е respectively, and the inside 
зе temperatures are 739 F and 1809 F respectively. 


Heating. Іп cold climates, some capability for heating is desirable to 
temper ventilating air or to avoid low or freezing tempera: ures when the 
shelter is not їп use. Environmental temperatures of 509 F or even lower 
can be endured if winter clothing is available, the diet is adequate and 
the people are in good health. Heat produced by the occupants will be 
effective in progressively warming the space, and this effect may be suf- 
ficient, particule::ly in underground shelters. Since the requirement for 
heat is relatively smail, electric resistance heaters are convenient aud 
economical for this purpose. If an auxiliary power supply having a liquid- 
cooled engine is provided, waste heat can readily be used for both space 
heating and domestic hot water. Fuel burning appliances which take air 
for combustion from the occupied spaces and are not directly vented το 
the atmosphere may be hazardous and should be avoided. 


MECHANICAL SYSTEMS 


If the evaluations ia a cost-effectiveness study were assigned on the 
basis of economy, versatility and ability to perform satisfactorily under 
all operating conditions, the preferred environmental control system for 
shelters might well be one which includes the following features: 


l. A recirculating air system with fan, distribution luctwork, 
diffusion outlets, mixing plenum and interconnections to supply 
air to occupied spaces without objectionable drafts. 


2. A separate blower for the intake of minimum quantities of out- 
side air as determined by requirements for oxygen reolacement, 
carbon dioxide dilution, combustion, exhaust and pressurization. 


3. Air cooling and dehumidifying apparatus using well water as a 
coolant with sufficient capacity to absorb internal heat loads 
and to avoid moisture condensation cn shelter surfaces. 


4. A sinple and reliable sub-system for controlling and coordinating 
the operation of all equipment. 


The configuration and flow diagram shown in Figure 12 is a rcther 
extensive development of this concept, but is adaptable by omissions and 
minor rearrangement to the most fundamental requirements. By planning for 
possible improvem.ats, future modifications can be facilitated, or an 
inferior final arrangement can be avoided. In the configuration shown 
in Figure 12, utility and service aress are grouped for ventilation in 
sequence by waste air leaving the shelter. The numbered items may be 
identified as follows: 


l. Weatherproof hoods of the mushroom type for intake and exhaust air. 
If the air intake fixture is designed for a low entering air velocity 
(less than 200 ft/min), coarse particulates having a higher terminal 
velocity of fall would be separated by gravity f=om the fresh air supply. 
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2. 


3. 


4, 


8. 


10. 


11, 


12. 


13. 


Automatic blast closures for protective structures having appreclable 
resistance to dynamic loading. Blast valves would be superfluous ín 
fallout shelters having litcle inherent blast resistance. 


Fresh air intake plenum or expansion chamber. 


Fresh air filters oc prefilters. Tor example, these may be panel 
filters with a dry or viscous-coated pleated media of fine bonded 
glass ‘ibers supported in a metal frame by pleated wire screen on 
both sides. 


Gas-particulate filters for protection against chemical and bio- 
logical agents in shelters plarued for this purpose. 


Fresh air ductwork with bypass for the gas-particulate filters, 
The space between the two bypass valves or dampers is pressucized 
by a pipe connection со the main fan discharge to assure that any 
valve leakage is vncontaminated air. 


Fresh air blower with electric motor drive, Sirce this blower 
pressurizes the space and must be capable of operating against 
a rather high system resistance if air flow is restricted by 
gas-particulate filters and blast valves, Class 11 construction 
may be indicated. 


Grilled opening for recirculated air. Behind the grille are 


optional prefilters and activated-charcoal filters for odor 


control. 


Mixing plenum with adjustable dampers for fresh and recirculated 
air. 


Air conditiuning chamber with cooling and heating coils. Cooling 
coils use well water and heating coils use waste heat from tho 
engine-generator. 


, Main fan with electric motor drive. 


Air distribution ductwork with diffusion out'ets. If -ooling anc 
dehumijitying equipment is not provided, an air supply system which 
introduces all of th. air at the end of the occupied space most 
remote trom the exhzust openings would probably result in minimum 
disconfort GULINE warn: weather. 


Well and pump fci potable and cooling water, A charging vell rer 
waste water may be desirsble. If well water is not availeble, other 
means must be substituted for cooling the shelter ard equipment. 
Heat transfer anparatu tor blast sheiters should be blast resistant 
if installed outside à protective structure. 




























14.  Hydropneumatic tank for pressure water system. 


15. Optional package water chiller for alternative or supplementary 
use. This item may be required in hot humid ctimates when cool 
well water is not aveilable. 


16. Chilled-water circulatirg pump. This item mav be an integral I ' 
part of the packege water chiller. | 


17. Emergency engine-genérator set cooled by a heat exchanger or, 
alternatively, by г remote racíator. The fuel storage tank is 
not shown. 


18. Heat exchanger and muffler for engine cooling and wasce heat 
recovery. 


19. Hot water circulating pump. x 

20. Hot water storage tank. 

21. Batteries for starting engine and emergency lighting. 

22. Recirculating unit cooler for generator room. 

23. | Control cabinet for functional control apparatus. 

24. Decontamination facility for ent-y of contaminated personnel. — 
, 25. Cabinet for detection and test instruments. 


26. Portable manually-operated life-support systems for a maximum 
of 24-hour sealed operaticn. 


27. Incinerator for combustible waste materials. 
28. Sewage sump and pump below stairs. 


It should be emphasized that this illustrative system is not 
representative of minimum requirements. In a fallout shelter with 
a Simple system for cooling by ventilation with outside air, many cf 
the items would be omitted -- but the basic features of the ultimate 
plan ‘xuld be retained, Every listed item of equipment has a function 
which could contribute materially in time cf need to the heaith and 
safety of the people. 
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DOSE AND DOSE RATE CALCUIATIONS 


Since the radiation intensity will decay with the passage of 
time, it is important to be able to compute problems of this nature 
to determine when and for wbat length of time it would be safe to 
emerge from a sheltered area. An indication of the manner in which 
the dose rate of the actual mixture of fellout fission products 
decreases with time may be obtained from the following approximate 
rule: for every seven-fold increase in time after the explcsion, 
the dose rate decreases b; a factor of ten. For example, if the 
radiation dose rate at 1 hour after the explosion ia taken as a 
reference point, then 7 hours after the explosion the dose rate 
will have decreases to one-tenth; at 7 X 7 = 49 hours after the 

- explosion it will be one ^ undreth of that at 1 hour after the 

) burst. The dose rat: is ucually expressed in "roentgens per hour" 
i and tbe total dose is usually expressed in "roentgens". A wore 
accurate method for determinionz dose rate and total dose can be 
obtainzd by use of the following expressions: 


Н 
| 
| 
| 
| CHAPTER 11 
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Dose Rate Formula 


R): R Ë 
Where Βλ. Dose Rate one hour after detonation (Н +1) 
R = Dose Rate at time T 
T = Time (hours) after detonation 
n = 1.2 
Dose Formia 

; R; l-n l-n 

| D= ( -te ) 

"aT 

j 

i 4 Where D = Dose from time Tj to To 

: Β]Ξ Dose Rate one hour after detonation (H +1) 

| Tj* Time of entry 

è To= Time of exit 

i n 31.2 

| 

| 

; 

f 

: 
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+1.2 +70 2 
0.0632 1.586 
0.1450 1.381 
0.2358 1.273 
0.3330 1.202 
0.4352 1.149 
0.5417 1.110 
0.6518 1.07} 
0.7651 1.046 
0.8812 1.021 
1.000 1.000 
1.627 0.922 
2.300 0.871 
3.003 0.833 
3.737 0.803 
5.278 0.158 
6.899 0.725 
8.586 C 698 
10.33 0.678 
12.13 0.660 
13.% с.б 
15.85 0.631 
17-77 0.619 
19.73 0.608 
2i.71 0.599 
23.7% 0.590 
25.78 0.58 
21.86 0.57 
29.% 0.567 
32.09 0.560 
34.23 0.555 
36.1. 0.550 
38.61 0.544 
‚82 0.539 
43.06 0.534 
45.31 0.530 
47.59 0.525 
49.89 0.521 
52.20 0.518 
54.52 0 514 
56 .87 0.510 
59.23 0.506 
61.61 0-503 
64.00 0.500 
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ΒΑΝΡΙΣ DOSE AND DOSE RATE PROBLEMS 
Pormula Method 
Dose Rate Problem 
If the dose rate at a given Location one hour after detonation was 


30 r/hr, what would the dose rute be at this location 12 hours after 
detonation? 


Solution 

Ву» RT R = 30 r/hr 
Substitute values in the abovs formula. R=? 

30 = R (12)? T = 12 hours 
From page 2: (12)? = 19.73 n = 1.2 


Therefore: 30 = R (19.73) 
R= 30 e 1.52 r/hr 
19.73 / 


Dose Problem 


What dose would a civil defense monitoring team receive in а radicactive 
coataminated area if the team entered the area 5 hours after a nuclear 
күну and stayed for з period of 10 hours? ‘The dose rate at Н+] wes 

50 v/hr. 





Solution 

Rì l-n l-n 
D= m T -T De? 

ү ( 1 2 ) 
Substitute values in the above formulas. R = 50 r/hr 

- 1-1.2 2 

p= 20 gl-l.2 _ 15 T, * 5 hours 

roc ) i 
p= 53 (522. 1) То = 5 + 10 = 15 hours 
From page 2: n = 1.2 


570-2 „ 0.725 ana 1570-2 = 0.582 
Therefore: D = 250 (0.725 - 0.582) 
3 


Ὁ = (250) (0.14 
D=36r 
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SAMPLE DOSE AND DOSE RATE FROBLEMS 
| Rule of Thumb Method 
Dose Rate 


FOR A SEVEN-FOLD INCREASE IN TIME THERE IS A TEN-FOLD DECREASE IN 
THE DOSE RATE. (7:10 rule) 


Examples: 
| Ry = 100 r/hr Ryg = 1 | 
E Ry = 10 r/hr = 0.1 r/hr 
T a R313 
| Rs = 57 r/hr Roys = 0-57 r/br 
R35 = 5.7 r/hr 
Dose 
Doo = 5 RT vhere Doo * dose to infinity. 
R = dose rate as measured 
by instrument. 
T = time in hours after detonation 
at which measure dose rate ' 
was read. , 
Example : 
If the dose rate at H*T is 45 r/hr, what would be the dose to 
infinity: 
Solution: 
Doo = 5 RT = 5(45 r/hr)(T hr) = 1575 г 
Exemple: 


If the dose rate in an area is 100 r/hr at H*5 end 2 r/nr at 
H*10, what would be the dose from H*5 (o H*lOt 


Solution: 


D = Doge to infinity (H*5) - Dose to infinity (H*1C 
D  5(100 r/hr)(5 Br) = А: обе E Went 


D = 2500 r - 2100 z = r 
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SAMPLE DOSE RATE - DOSE - ENTRY TIME - STAY TIME PROBLEMS ( P 


Dose Rate Nomogram Methcd 


To use the Dose Rate Nomogram connect any two known quantities with 
a straightedge and read the unknown quantity directly. 


Example; If the dose rate in an area ів 60 r/hr at H*5, what will 
be the dose rate at ΗΤΟΙ 


Solution: With a straightedge, connect 60 r/hr on the "Dose Rate εἴ 
HE+" column with 5 hours on the "Time After Burst" colum. 
The dose rate of 410 r/hr is read on the "Dose Rate at 
Н+1" column. Next, connect, with the straightedge, 10 hours 
on the "Time After Burst" column with 410 r/hr on the "Dose 
Rate at H*l" colum and read the answer directly from the 
"Dose Rate at Htt” column. 

Answer: 26 r/hr. 





ENTRY TIME - STAY TIME - TOTAL DOSE NOMOGRAM METHOD 


and locate the point on the "D/R" colum where the straightedge crosses 
! it. Connect this point with a third known quantity and read the answer 
| froa the appropriate column. 


I 
| To use this nomogram connect two known quantities with a straighvedge 


Dose . Find the total exposure dose for &n individual who must vork 
5 in an area in which the dose rate was 300 r/hr at Н+1. Embry 
will be made at Н+11 and the length of stay will be 4 hours. 


Solution: Connect H*1l on the "Entry Time" colum with 4 hours on the 
| ` "Stay Time" column and read 0.19 from the "D/R," column 
1 and 300 x/hr on the "Dose Rate at Hil" column. Finally, 
| read the answer on the "Total Dose" column. 

Answer: 60 r. 


Stay Time - Entry into an area vith e dose rete of 100 r/hr at Htl 
will be made at H*6. What vill be the maximum mission stay 
time, if the exposure dose ia not to exceed 20 r? 


Solution: Connect 20 r in the "Total Dose" column with 100 r/hr in the 
"Dose Rate at Ελ" colum and read 0.2 in the "D/Rj" colum. 
Connect 0.2 in the "D/R," colum with 6 hours in the "Entry 
Time" colum, and read tbe answer directly from tbe "Stay 
Time" colam. 

Ansver: 2.1 hours. 

Entry Time - The dose mt. геа at E+7 is 35 r/hr. The stay tine 


. is to be 5 hows . . ue KBs dcee 1s set at 35 r. ihat 
i ie the earliest possible entry tire? 


x 14 








| р Solution: Find the дове rate at H*i from the Dose Rate Nomogram. 
Connect this value on the "Dose Rate at H*l" colum with 
35 г on the "Total Dose" column and read 0.1 on the "D/R" 
colum. Connect 0.1 on the "D/R," column with 5 hours on 

| the "Stay Time" column and Pod answer from the "Entry 
Time" colum. 

| Answer: toh, 


DOSE ВАЛЕ PROBLEMS 


l. If the dose rate at one hour &?t^c burst is hO v/hr, what will 
be the dose rate at 2, 4, 6, 8, and 10 hcars? 


2. If the dose rate at H*l is 100 r/hr, what will be the does rate 
at 2, 4, and 10 hours? 


- — — — — — 


) 3. If the dose rate at Н+1 is 350 r/hr, what will be the dose rate 
at 5, 8, and 12 hours? 


h, If the dose rate at H*6 vas 5 r/hr, what would be the dose rate 
at 1, 9, 12, and 15 hours? 


5. If the dose rate at H*12 was 80 r/hr, what would be the dose rate 
at 1, 8, and 2% hours? 


) 6. If the dose rate at H*20 was 10 r/hr, what would be the dose rate 
&t l, 20, 25, and 32 hours? 


T. τε га дове rate at H*30 ів 10 r/hr, when would the dose rate be , 
T r/hr? 


8. At H*20 days the dose rate in an area is 3 r/hr. what will be 
the dose rate at Ht25 days? 


9. ma sheltered area with a protection factor of 100, the dose 
rate is 10 r/hr at ΥΠΟ, What was the unsheltered dose rate at 
H+18? 

10. In а shelter with a protection factor of 1,000, the dose rate 
at HtQh ів 15 r/hr. What will be the dose rate in the shelter 
at H*hot 

DOSE PROBLEMS 


lJ. If the dose rete at H*l was 200 r/hr, vhat would be the dose of 
tor if he eutered the aree at H*12 and stayed h hours? 


12. HUM o πο SEL миси οσα 
tor if he stayed in this area from H*5 to 8401 


11-9 


— — — 





If the dose rate at h.l was 500 r/hr, what would be the 
dose of a monitor who remsined in this area for a 1.5 hour 'eriod 
beginning at F12? 


Nm } 


What would be a monitor's dose if he entered an area at Н+6 
and left at RF? At the time of entry the dose rate was 15 r/hr. 





Firemen must put out a fire in an area vhere the dose rate vas 
50 r/ür at H*7T. What will be their mission dose if it takes 6 hours 
to fight the fire and they start their mission at H*12* 


Vital medical supplies must be moved to a shelter area. The task 
vill require 30 minutes. If the worker enters the area at H*6 
wher the Jose rate is 200 r/hr, what dose will he receive? 





An individual left a shelter at Ht6 on a mission to a nearby 

shelter but never arrived et the other shelter. At Ht30 a rescue b. se 
teem founi him unconscious in the contaminated area outside the ΗΝ. 
original shelter. at that time the dose rate vas lh r/hr. What [ 
dose was received by the unconscious indivicusl? : 


A rescue team entered a contaminated area at Н+12 and accomplished i 
a task in h hours. What was their dose if the dose rate at time i 
of exit wes 12 r/hr? ! 
No water is available in a shelter. There is a safe supply nearby. 
It is а 45 minute walk to the water and the mission wil] begin at ΄ 
H*10. If the dose rete at AFT was 30 г/г, what dose will be i 
received in obtaining the water for the shelter? 


What is the dose received ip a shelter from W+18 to H*2h, if the 
unsheltered dose rate at H*16 is 120 r/hr and the shelter protection 
factor is 2007 


STAY TIME PROBLEMS 


A miss'on dose is set at 25 г and the mission vill begin at ΒΗ12. 
What stay time is permitted, if the dose rate st H*l was 500 r/hr? 


At Etl the done rate was 200 r/hr. If entry into the ares is made 
at H*6Ó and ths mission dose is set at 50 r, what is the allowable 
stay time! 


A femily entered a contaminated eres at H*5. Their dese should not 
exceed 35 г. Row long can they stay in this area 1f tie dose rate 
at timc of entry vas 20 r/hr1 


At H*12 a monitor must start an emr.gency mission outside his assigned $ 
shelter. At H*6 the outside dose rete was T5 г/г. If hie mission } 
dose is not to exceed 20 г, how long can be take for the task? i 
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31. 


32. 


з. 


35. 


At H*3 the dose rate in an area was 40 r/hr. А rescue squad 
entered the area at H*5. How long can they stay in the area 1i 
their dose is not to exceed 25 гї 


Personnel working in a warehouse in a 
а doge of 150 г. At H*l the dose rate was 1,300 r/hr and they 
entered the working area at H+8, How 


A message must be hand carried to another shelter. What is the 
maximum time for the mission if the average сове rate between the 
shelters was 90 r/hr at H+2? The mission све is set at 35 r and 
the messenger is to leave shelter at H*6. 


At H*15 a Radef Officer must move to another control station 

T5 miles away. The average dose rate over the area of travel wau 
T5 r/hr at H*6. How fast will he have to travel in order not to 
exceed a dose of 50 r1 


An iudividual travels at a speed of 35 woh through a contaminated 
area where tbe average dose rate was 100 г/г at Ht5. How far 
will he be able to travel before seeking shelter if he entered 
the area at H*13 and must limit his dose to 80 rt 


ENTRY TIME PROBLEMS 


If the dose rate in an ares vas 300 r/hr at Atl, when can a monitor 
enter the ares for s 3 hour stay and recsive lees than 50 г? 


A monitor must stay in an area for 1 hour. ‘the dose rate in this 
area at H*l vas 150 r/hr. He must limit his dose to 15 r, hen 
can he enter? 


In order i^ keep a monitor's dose below 20 r for 4 ctay time of 
2 hours, vhat is the earliest possibi» antry time into an area 
where the dose rate was 120 r/br at 915 


If the dose rate in an ares is 5 r/br at R+20 and an individual 
must stay чеге 3 hours, what ia the eerliest time ne can enter 
and pot exceed a dose of 10 r? 


A mission doee is set at 35 г. The dose rate іп the aree vas 
18 r/hz at H*15. When San vorkere enter this area for a 3 hour 
period? 














36. 


3T. 


38. 


39. 





The task of removing valuable equipment which is located in a 
contaminated area wiJl require 3 hours. The mission dose 16 
set at 50 r and the dose rate at H*9 was 50 r/hr. When can the 
salvage crew enter the area? | 


A monitor must make а survey of an area which will require 2 hours. 
The mission dose is set at 35 r and the dose rate in the area was 
18 r/hr at Htl days. When will the monitor be able to enter the 
area? 


People want to move from an improvised shelter to a rommunity 
shelter. At H+6 ihe route to be traveled had an average dose 
rate of 85 r/hr. The trip will take 2 hours and the mission dose 
is 50 r. When can they leave? 


A supply of drugs must be delivered as soon as possible to a 
Shelter. The drive takes 3 hours. The average dose rate along 
the ronte to be followed was 125 r/hr at H+}. ‘The mission dose 
is 75 г. What is the earliest time that the drugs can arrive at 
tke shelter? 


A zhelter with a protection factor of 500 is mmning low on food. 
The nearest supply would require 1 hour travel round trip to 
obtain it. The average dose rate over the route to be traveled 
was 60 r/hr at H*T. The mission dose is set at 50 г. When can 
the mission be started to obtain the food? 
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2. 
3. 
h. 


5. 
6. 


Answers to Dose’ and Dose Rate Problems 


18 „ы 1.6 — 4.7 r/ar, 
3.4 r/tr, 2.6 


Ш r/hr, 19 r/hr, 6.5 r/hr 
51 r/hr, 30 r/hr, 15 r/hr 


380 r/hr, 20 r/hr, 20 r/hr, 
15 r/hr 


1,600 r/hr, 58 r/hr, 35 r/hr 


370 r/hr, 10 r/hr, 8 r/hr, 
6 rj hr 


H*ho 
2.6 r/hr 
500 r/hr 
8 r/hr 
35 т 
15r 

36 r 

25 г 

120 г 
90 r 

800 r 
60 r 

9] τ 


2.7 r 


31. 
32. 
33. 
3. 
35. 
36. 
37. 
38. 
39. 


1 hour 


2.7 hours 


2.2 hours | 


«6 hour 
1.5 hours 
1.6 hours 
1.8 hours 
38 mph 

95 miles 


ΒΗ}. 
H*6 

H*T 

H+27 
H*21 
R+22 
H*23 
HLT 
H*18 


H+8 


4! 
a) 











